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1 Introduction
This document is the outcome of an email discussion and describes the details of EDT indication via PRACH and how it is configured. 
The following agreement was made in RAN2#99bis 

	- PRACH partitioning is used to indicate UE’s intention to use early data transmission in Msg3. Backward compatibility shall be preserved. FFS: details on the PRACH pool, e.g., preamble/time/frequency/carrier domain of PRACH partitioning.


And in order to progress the discussion on PRACH partitioning and EDT indication, we agreed to have an email discussion:

	[99bis#53][MTC/NB-IoT] EDT indication via PRACH – Ericsson
-
Email discussion on the details for EDT indication via PRACH pool partitioning, e.g., preamble/time/frequency/carrier domain.

-
Intended outcome: Report to next meeting


Deadline:  Thursday 2017-11-09


This email discussion document starts by reviewing the current, Rel-14 configuration of NPRACH and PRACH. The corresponding configuration options in RRC and ASN.1 are provided in the Appendix for easy reference. 

Section 4 contains the questions for discussion where companies are invited to provide their views and comments. 

2 Rel-14 NB-IoT NPRACH configuration
A NPRACH preamble is based on single-subcarrier symbol groups, where one symbol group corresponds to cyclic prefix (CP) and five identical symbols. There are two different formats for the symbol group and thus the preamble, with total lengths of 1.4 ms and 1.6 ms, with CP lengths of 66 us and 266 us for Format 0 and Format 1, respectively.
A single NPRACH preamble and transmission consists of 4 symbol groups, with frequency hopping between the symbol groups. The subcarrier where the first symbol group is transmitted identifies the used preamble. The NPRACH preamble can be repeated up to 128 times. 

The subcarrier spacing for NPRACH is 3.75 kHz and there are 48 available subcarriers in total, each corresponding to one NPRACH preamble. When dimensioning the NPRACH one must also consider facilitating multiplexing with NPUSCH Format 1 and 2, and e.g. NPUSCH Format 2 can only be scheduled in certain subcarriers depending on the subcarrier spacing [4].
NPRACH physical layer configuration includes the following components in TS 36.211 [1] (ASN.1 field names in parenthesis):

· NPRACH resource periodicity (nprach-Periodicity)
· Frequency location of the first subcarrier allocated to NPRACH (nprach-SubcarrierOffset)
· Number of subcarriers allocated to NPRACH, {12, 24, 36 or 48} (nprach-NumSubCarriers)
· Number of starting subcarriers allocated to contention-based random access, from 8 up to 48 subcarriers (nprach-NumCBRA-StartSubcarriers)
· Number of NPRACH repetitions per attempt (numRepetitionsPerPreambleAttempt)
· NPRACH starting time (nprach-StartTime)
· Fraction of the NPRACH subcarriers reserved for indication of UE support for multi-tone transmission of Msg3, {0, 1/3, 2/3 or 1} (nprach-SubcarrierMSG3-RangeStart). Multi-tone transmission is not supported for {32, 64, 128} repetitions. 
The physical layer random access procedure is described in Section 16.3 in TS 36.211 [1]. 
In addition, MAC layer [2] expects the following information to be available before initiating the random access procedure:

· Available set of PRACH resources on the anchor and non-anchor carriers (nprach-ParameterList and ul-ConfigList)
· PRACH resources mapped into enhanced coverage levels
· Each resource contains configured set of subcarriers, which can be partitioned into one or two groups for single-tone or multi-tone Msg3 transmission.
· Each enhanced coverage level has one PRACH resource in anchor carrier and zero or one PRACH resources in each non-anchor carrier. 
· Selection thresholds for the enhanced coverage levels (rsrp-ThresholdsPrachInfoList)
· Random access response window size and MAC contention resolution timer per enhanced coverage level (ra-ResponseWindowSize and mac-ContentionResolutionTimer)
· Maximum number of preamble transmissions per coverage level and total maximum (maxNumPreambleAttemptCE and preambleTransMax-CE)
· Preamble transmission power and ramping related parameters [Not relevant for this email discusion]
· The use of contention free random access, (ra-CFRA-Config)
In Release 14 possibility to configure random access resources in non-anchor carriers was also introduced. Thus, up to three NPRACH resources can be configured per carrier (i.e. three per anchor carrier and each non-anchor carrier), and each of the NPRACH resources have their own configuration. 
In Release 15 the intention is to specify a random access procedure supporting improved reliability and 100 km cell range. This work is for the moment down-prioritized. While the above description applies for FDD operation, Release 15 also specifies NB-IoT TDD operation.
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Figure 1. Illustration of a typical NPRACH configuration in a highly loaded network with three resources for Coverage Enhancements level 0 (CE0), 1 (CE1) and 2 (CE2). For 3.75 kHz subcarrier spacing, NPUSCH Format 2 can only be scheduled in the lowest part of the figure (subcarriers 38-45).
In this document, we follow the MAC specification style of calling a subcarrier in a Random Access Preamble group a NPRACH preamble or just preamble.
Summary: For NB-IoT, if necessary, for each enhanced coverage level, there is a NPRACH resource configured in anchor carrier, and there may be one NPRACH resource configured in a non-anchor carrier. Preambles may be repeated up to 128 times. Maximum number of preambles per NPRACH resource is 48, and an NPRACH resource may be shared between multiple coverage levels. If number of repetitions is less than 32, an NPRACH resource may be split into two sets, corresponding to single- or multi-tone Msg3 transmission. The number of preambles the UE may use for UE initiated random access is configured, and can be from 8 up to 48 (i.e. all) preambles per resource. 
3 Rel-14 LTE-M PRACH configuration

The physical layer preamble in LTE consists of cyclic prefix and a sequence. For LTE-M, four different preamble formats are used for both FDD and TDD, with varying CP and sequence lengths. 
The length of the sequence is 0.8 ms for Formats 0 and 1 and 1.6 ms for Formats 2 and 3. The CP has varying length and together with the sequence (and a guard period), preamble Format 0 fits in one subframe (1 ms TTI), Formats 1 and 2 in two subframes and Format 3 in three subframes. In total, 64 different preamble sequences are available per cell. 

PRACH physical layer configuration for BL/CE UEs includes the following items [1] (ASN.1 field names in parenthesis):
· PRACH configuration index (prach-ConfigurationIndex)
· PRACH frequency offset (prach-FrequencyOffset)
· Number of PRACH repetitions per attempt (numRepetitionPerPreambleAttempt)
· (Optional) PRACH starting subframe periodicity (prach-StartingSubframe)

· Frequency hopping configuration (prach-HoppingConfig). If frequency hopping is enabled, the PRACH frequency offset depends on SFN and the configuration index as given in [1].
The physical layer random access procedure is described in Section 6 in TS 36.213  

In addition to the above parameters, MAC layer expects the following information to be available before initiating the random access procedure:

· Number of available preambles for contention-based access in the cell (numberOfRA-Preambles). If the number is < 64, rest of the preambles are reserved for contention-free random access.
· Grouping of preambles: 
· Size of preamble group A (sizeOfRA-PreamblesGroupA), and in case it is smaller than all available preambles, then preamble group B exists as well and additional parameters are needed, such as messageSizeGroupA.
· PRACH configuration index per enhanced coverage level
· The group of preambles in each enhanced coverage level
· Number of repetitions per preamble transmission attempt per enhanced coverage level
· Selection thresholds for the enhanced coverage levels (rsrp-ThresholdsPrachInfoList)
· Random access response window size and MAC contention resolution timer per enhanced coverage level (ra-ResponseWindowSize and mac-ContentionResolutionTimer)
· Maximum number of preamble trasnsmissions per coverage level and total maximum (maxNumPreambleAttemptCE and preambleTransMax-CE)
· Preamble transmission power and ramping related parameters [Not relevant for this email discusion]
In LTE, preamble groups A and B can be configured and a preamble from group B can be selected and used if the total message size for CCCH (payload + MAC header) is greater than messageSizeGroupA, options are {56, 144, 208 or 256} bits and a pathloss criterion is satisfied (for details see [2, 5.1.2]). However, when PRACH resources, i.e. based on different PRACH configuration indices and PRACH frequencies are shared for configuring multiple enhanced coverage levels, preamble groups A and B are not used. 
For LTE-M it is possible to separate PRACH resources for different coverage levels in (1) frequency, (2) time or (3) sequence domain: (1) Different PRACH frequencies may be used for different levels, depending on system bandwidth. (2) Different PRACH configuration indices may be used for different levels. (3) Different preamble sequences can be used for different levels. 
Summary: Each enhanced coverage level is associated with PRACH resources (configuration index). There are at maximum 64 preamble sequences per cell, divided between contention-based and contention free preambles. The preambles can further be divided between enhanced coverage levels if a PRACH resource is shared, or between preamble groups A and B if separate PRACH resources are configured for the enhanced coverage levels. PRACH resources may be configured separately per enhanced coverage level with respect to frequency, time and/or sequence domain(s).
4 EDT indication via (N)PRACH
4.1 EDT indication

In RAN2#99bis meeting the following has been captured:  

	PRACH partitioning is used to indicate UE’s intention to use early data transmission in Msg3


Furthermore, RAN2 agreed that maximum possible grant size for Msg3 is broadcast per CE and the intention to use EDT is for data, i.e. not for NAS signalling. The details regarding how to interpret the EDT indication was briefly discussed but no agreement was made. When a UE indicates EDT, it is not clear whether the size of the total amount of data which the UE intends to transmit is equal or smaller than the maximum possible grant size for Msg3 broadcast per CE. Is it also possible that the size of the data to be transmitted is larger, but the UE prefers to start the transmission early?

Companies are invited to provide their opinions on how to interpret the EDT indication in this section. 
Question 1: Please provide your view on how should the EDT indication be interpreted, that is, when a UE should use such indication. 
	Company
	Comments

	Ericsson
	UE should use EDT indication when it would like to transmit data in Msg3, that is, when the UE would like to receive an UL grant to transmit data in the UL in Msg3. This can be regardless of the size of the data the UE intends to transmit in the UL, i.e. the data could even be larger than the max possible grant size for Msg3 broadcast per that particular CE level. For UP solution, such larger data could be segmented. For CP solution, we assume it is possible to have data where the part which would not fit in Msg3 would transmitted separately.

	Kyocera
	For the UL EDT, we assume the EDT indication is interpreted that the UE just requests the eNB to allocate sufficient resources for data transmission on Msg3. 

For the DL EDT (without the UL EDT, if supported), we think the EDT indication is used to inform the eNB of UE’s capability on DL EDT reception on Msg4. 

	Huawei, HiSilicon
	The UE only uses EDT indication when:

1. The size of Msg3 including all UL data is equal or smaller than the TBS broadcasted by the eNB. 

2. There is not any further UL data expected by the UE.

If the UL grant in RAR does not fit for the Msg3 size of the UE, no matter whether segmentation is allowed, the UE will go back to legacy RRC connection establishment procedure. In this case, there is no benefit to use EDT procedure. We cannot see benefit to allow a UE to use EDT indication when its Msg3 is larger than the TBS broadcasted by the eNB.

	LG
	When a UE would like to transmit early data in Msg3, EDT indication in Msg1 should be used to request more UL grant for Msg3. However, CP and UP solutions should have different triggering condition of EDT indication:

For CP solution, if the size of the data UE want to transmit is larger than the maximum possible grant size for Msg3 considering the CE level the UE stays, the UE should not trigger EDT indication because segmentation is not applicable for CP solution.

For UP solution, it doesn’t matter whether the size of the data UE want to transmit is larger or not because segmentation can be used for UP solution. 

	Nokia
	We understand the benefit of EDT is power saving in that data can be sent early and connection can be released after EDT. If data needs to be segmented and transmitted in separate messages, then we don’t think UE has to use EDT for the first part of the data and legacy data transmission can be used. Therefore, we think EDT can only be used when data size is not larger than the broadcasted maximum grant size for Msg3.

	Intel
	For UL EDT, there are three steps on deciding the EDT at least for this release.

1. When UE AS receives indication from UE NAS that the UL data is for EDT (it is not signalling or SMS and there is no following multiple UL packets)

2. When UE determines the size of UL packet for EDT is less than or equal to the maximum possible grant size for Msg3 broadcast for a CE level.

3. When the UL grant for Msg3 received in RAR is sufficient to transmit the packet for EDT.

Otherwise, UE should not indicate UL EDT.

For DL EDT, UE does not need to inform EDT capability to eNB in the Msg1, as eNB knows the UE capability on the support of DL EDT before Msg4 transmission for both CP and UP solution and can decide based on the UE DL EDT capability to transmit DL data in Msg4.

	Qualcomm
	The EDT indication should be interpreted to mean UE only has sufficient data to send in MSG3. The size of data that can be sent in MSG3 can be fixed in spec or configured through broadcast on per coverage level.

	Vodafone
	Agree with Qualcomm and Huawei. If the amount of data are larger then the amount of data able to be sent in msg 3, the legacy procedure shall be used.

	MediaTek
	EDT can only be used when data size not larger than the broadcasted maximum grant size for Msg3.

	ZTE
	We have similar understanding as LG.

Moreover, for CP solution, even the size of pending data is less than the broadcasted maximum TBS and the UE has sent EDT indication in Msg1, it’s still possible the UL grant in RAR doesn’t match the indicated Msg3 size. In this case, if the part of data which doesn’t fit in Msg3 is very small, we think using legacy procedure may be inefficient and we are open to discuss the feasibility that this part of data would be transmitted separately (as proposed by Ericsson).

	GTO
	We do agree Early data transmission is power saving feature but we do need to be careful that we don’t end up creating more complexities or more power consumptions. If UE has indicated that it will be use EDT in msg1, and the data fits into UL grant given by Network, UE can then use EDT and then depending upon msg4 can decide on which state it will be. Otherwise, if data is large and cannot fit in UL grant, UE will fall back to use legacy procedures. Same is the case with UP, if data is large, then instead of doing segmentation UE should use the legacy data transmission.

	III
	In addition to power saving issue, EDT would be useful for achieving 5G latency requirement for small data transmission that is not worse than 10 seconds. There would be benefit of reducing latency for NB-IoT if all or partial data could be transmitted during Msg3/Msg4. Therefore, EDT indication should be interpreted that UE will have UL data to be transmitted with Msg3.  

	Veolia
	Agree with Huawei & Qualcomm
The payload to be sent needs to be smaller or equal than the TBS indicated by the eNB.

	Sierra Wireless
	EDT should be for power saving only for sending of smaller messages that fit the allocation. No segmentation, larger messages should go via legacy means.


Question 2: Should it be possible to configure EDT indication per enhanced coverage level?
	Company
	Comments

	Ericsson
	Yes. The eNB determines the CE level of the UE based on the used (N)PRACH resources and/or the used preamble. The network should be able to know if the UE intends to transmit data early in Msg3 with respect to the CE level of the UE. 

The eNB may provide UL grants with different TB sizes for UEs depending on the CE level.  

	Kyocera
	Yes, because without CE level information on Msg1 we think the eNB may not know how many repetition is necessary on Msg2 to approach the UE, as the same motivation today. 

	Huawei, HiSilicon
	Yes. We think we have already agreed that “Maximum possible grant size for Msg3 is broadcast per CE.”

The scheduling for the UEs under different coverage levels are very different, i.e. MCS, TBS, etc. are different. Thus, the eNB needs to know the CEL of the UE from the EDT indication to provide proper scheduling for EDT. From this point of view, EDT indication needs to be configured per CEL.  

	LG
	Yes. We think that EDT indication should be also configured per CE level because the eNB needs to recognize UE’s CE level from the received EDT indication to provide proper scheduling.

	Nokia
	Yes. Agree with Ericsson that different CE levels may support different TB sizes.

	Intel
	Yes, we also agree the indication for EDT in msg1 should be per CE level.

	Qualcomm
	Yes it should be possible to configure EDT indication on per coverage level; some coverage levels may support EDT and others may not.

	VODAFONE
	No: In our view, we understand that it is possible to recognise the different coverage levels, but the main advantage of this feature is to have a battery consumption savings and this is a specially if not only important for the extended coverage. Consequently if the UE and NW support sending the data in msg 3 then it has to support the feature in the extended coverage.

	MediaTek
	Yes, different CE levels may support different TB sizes.

	ZTE
	Yes, we also agree EDT indication should be defined per CE level.

	GTO
	Yes so that eNB can know about the CE level of UE from received EDT indication and then eNB can provide UL grants with different TB sizers

	III
	Yes. EDT in Msg1 should indicate the CE level to eNB. 

	Veolia
	Yes as the maximum size for the Msg3 is broadcasted but we would like to have the maximum size possible in CE level 2 of 100 bytes.
The key point is to be able to have predictability and to know in advance for each coverage level what to expect in term of maximum TBS.

	Sierra Wireless
	Yes so that grant sizes can be appropriate.


Question 3: Is there a need to indicate the size of the data intended for early UL transmission using preambles? Please justify the answer. If yes, what would be the resolution and the (maximum) number of indicated sizes?   
	Company
	Comments

	Ericsson
	No, we don’t think benefits due to such indication are worth the additional complexity introduced. 

We understand that there could be some benefit if data size is indicated, such as potentially more efficient UL resource usage and optimization with regards to the size of padding bits. However, we don’t think benefits would be significant due to the additional complexity. We don’t think there is any need for further fragmentation of preambles/resources used for EDT indication.

If multiple different TBS sizes are used/allowed for UL data transmission, the eNB could do blind decoding for multiple different TB sizes, when the exact UL data size is not indicated by the UE or known by the eNB.

	Kyocera
	No, at least in this release on December. However, we think it’s a nice enhancement in future. 

	Huawei, HiSilicon
	No

We agree with Ericsson that the benefit of supporting multiple different transport block sizes may not so big compared to additional PRACH partition and complexity. 

We think 1000 bits TBS is enough for both NB-IoT and MTC.

	LG
	No. Considering required preambles and complexity, we don’t think that this brings significant gain.

	Nokia
	Yes. We see this beneficial because otherwise eNB has to always allocate according to the maximum grant size for Msg3. As different IoT applications can have various data sizes, this will lead to more paddings in Msg3 with drawbacks of inefficient resource usage and extra UE power consumption. A simple solution is, e.g. to reuse preamble group A and group B to indicate just two different grant sizes it needs for Msg3

	Intel
	No: Maximum size of UL grant for Msg3 for each CE level can be broadcast in the SI. At least in this release, it should be enough as there are limited resource for PRACH partitioning.

	Qualcomm
	At minimum one MSG3 size for a coverage level should be support but design should allow for indication of more than one MSG3 size to be future proof.

	MediaTek
	Yes. Based on Table 16.5.1.2-2 in TS 36.213 v14.4.0, there are far too many TBSs  for PUSCH with EDT if indicated via Msg1. There should be only a small subset of TBS sizes to avoid high NPRACH resource partitioning with many different pools  – e.g. 88 bits (Msg3, no data), 300 bits, 600 bits, 1000 bits  (excluding  Msg3. To avoid excessive padding in case data does not fit any of the TBS indicated via Msg1, a solution will be needed. 

Transmission of padding may completely negate the positive effects of EDT and increase the power consumption compared to legacy procedure.

	ZTE
	Yes, finer granularity on Msg3 size indication obviously would be beneficial for spectrum efficiency since the case of too large UL grant for small pending UL data can be avoided as much as possible. Indications for 2 or 3 Msg3 sizes may be enough. And it may be not so complicated if we design EDT indication on a new non-anchor PRB. 

But if more companies only want simplest EDT indication, we agree with Qualcomm at least design should allow for indication of more Msg3 sizes in the future.

	GTO
	No. It will only create complexity. UE can indicate to eNB that it wants to use EDT and then depending on Grant it will decide whether to continue with EDT or legacy procedure.

	III
	No. If UE have more data to be transmitted, it can indicate in Msg3. 

	Veolia
	Not really – it will only create complexity without real benefits. We need to be sure that the 100 bytes use case is covered.

	Sierra Wireless
	No. One small size provides a benefit for small messages and low power UEs. More data can be sent by legacy means. If we do decide to have more sizes for EDT, we prefer a limited range of options.


Question 4: For early data transmission, should it be possible to indicate the UE category via selected preamble?
	Company
	Comments

	Ericsson
	No, we don’t see the need to indicate UE category due to the additional complexity that would be introduced. This would result in further fragmentation of preambles/resources. We do not think it is worth the benefits, especially considering that early data are not expected to be large. 

If RAN2 agrees that EDT should be usable for grants with TBS > 1000, we could couple the feature with UEs which support larger TBS (for example the larger TBS optionally supported by Rel-14 UEs).

	Kyocera
	No, we don’t have any motivation to inform of the UE category on Msg1. 

	Huawei, HiSilicon
	It depends on the maximum TBS we want to support for Msg3 transmission.

RAN1 has confirmed that 1000bits TBS is possible for Msg3 transmission. Whether to support a larger TBS is FFS.

If the maximum TBS for Msg3 is equal or smaller than 1000bits, there is no need to indicate the UE category via selected preamble since this TBS is supported by all UE categories.

If the maximum TBS for Msg3 is larger than 1000bits and we want Cat. NB1/M1 UE to use EDT, it would be necessary to indicate the UE category via selected preamble. Otherwise the eNB may include the wrong TBS in RAR and EDT procedure of lower category UE may fail.

Considering that we think the major scenario of EDT is small data transmission and further PRACH partitioning will aggravate PRACH fragmentation, we prefer not to support Msg3 larger than 1000bits in EDT and thus there is no need to indicate the UE category via the selected preamble.

	LG
	No. EDT indication would be mainly used for transmitting small size data. Thus, we don’t see clear motivation from indicating UE category using a preamble.

	Nokia
	No. If network intends to support high UE category, it can be reflected when setting the value for the broadcasted maximum grant size for Msg3. From UE’s perspective, it just follows whatever network broadcasts.

	Intel
	No, we don’t see motivation of doing this.

	Qualcomm
	No. EDT indication implies UE supports Cat NB1 or Cat M1. Characteristics of Cat NB2 /Cat M2 are not relevant for EDT procedures.

	MediaTek
	No. Assuming max TBS is 1000 bits then Msg 1 does not need to indicate category.

	ZTE
	No. Agree with most of the above comments.

	GTO
	No. EDT is for small data transmissions and introducing UE category indication will only create complexity.

	III
	Agree with Huawei. 

	Veolia
	No the indication is explicitly mentioned by the TBS size


Question 5: Please list any additional aspects RAN2 should consider regarding the indication for EDT:
	Company
	Comments

	Veolia
	We should still consider to indicate if the UE is allowed to use EDT or not (through authorisation mechanism to be defined)

	Sierra Wireless
	No.  EDT is most useful for MTC and NB-IoT


4.2 (N)PRACH configuration for EDT
In this section companies are invited to provide alternatives on how to configure the (N)PRACH resources so that UE requesting EDT selects and transmits a corresponding preamble, after which the eNB may provide a larger grant for Msg3. Please take into account whether and how groups A and B (for LTE-M) and single-tone / multi-tone indication (for NB-IoT) can be used for EDT indication.
Question 6: Companies are invited to provide solutions on how to configure (N)PRACH resource pool partitioning for EDT indication. Companies are encouraged to give details such as how preamble partitioning would be done, and how to ensure that the solution is backwards-compatible. 
	Company
	Comments

	Ericsson
	We prefer partitioning, where the eNB configures preambles which can be used both by legacy UEs for legacy random access, and by Rel-15 UEs for random access for EDT. The partitioning configuration would overlay existing grouping or partitioning of preambles, and does not require configuring additional resources for (N)PRACH for EDT indication.
This approach would be most flexible and provide the network the opportunity provide configuration for different situations and network deployments. In one extreme, the partitioning could be configured so that there are only dedicated preambles for EDT, resembling the legacy configuration for CE levels, where dedicated preambles would be used for EDT per enhanced coverage group. 
In Msg2, the eNB could provide, along with legacy grants for Rel-13 UEs, information of larger TBS to UEs supporting EDT. 

See the figure below for clarification: For the legacy-style partitioning (A), the preambles would need to be split between EDT indication and legacy preambles, or additional resources should be given for EDT indication.  For the preferred alternative partitioning (B) the preambles used for EDT indication in Rel-15 could be used by legacy UEs for legacy random access. 
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	Kyocera
	We assume new lists, e.g., “RACH-EDT-InfoList”, comprised of the existing RACH-CE-LevelInfo (for eMTC), or the existing NPRACH-Parameters-NB and RACH-Info-NB (for NB-IoT).  It’s left to eNB implementation how to ensure the backward compatibility, e.g., to configure with separate PRACH resources. 

We think mac-ContentionResolutionTimer should take into account the round-trip time between the UL EDT and the DL EDT (e.g., upper layer ACK), so we’re wondering if it’s simple to define a new timer with longer values. 

	Huawei, HiSilicon
	We agree that one basic principle is backward compatibility. We prefer separate (N)PRACH resource partitions for EDT instead of further partitioning of the legacy (N)PRACH resources. For example, in NB-IoT, we could allocate NPRACH resources for different use cases to different carriers.

	LG
	We think that hard partitioning within dedicated preambles could be considered for EDT indication.

The dedicated preambles are only controlled by an eNB and an UE cannot select those preambles by itself without PDCCH order by the eNB. This means that there is no backward compatibility issue because legacy UEs would not select those dedicated preambles for CBRA and the eNB knows which dedicated preambles are reserved for EDT indication and selects a dedicated preamble for CFRA from a set of dedicated preambles except for reserved dedicated preambles for EDT indication.

For example, as shown in the following figure, a part of dedicated preambles can be used for EDT indication in Rel-15. Even if the dedicated preamble is configured for Rel-13/14 UEs, the eNB would not select a dedicated preamble which is overlapped with Rel-15 EDT indication preamble to avoid whether it is EDT indication or not.
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	Nokia
	We understand preamble partitioning with preambles used by both legacy and EDT UEs cannot ensure backward compatibility, because eNB cannot tell whether the UE is legacy UE performing normal access or Rel-15 UE performing access for EDT. For Msg2, one grant will be wasted, either legacy grant or EDT grant, as eNB has to always provide two grants. We share Kyocera’s comment that the simplest PRACH partitioning is to provide new list of PRACH resources for EDT for each CE Levels and it is left to the eNB implementation to configure separate NPRACH resources for legacy and EDT.

	Intel
	For clean and backwards-compatible solution, we prefer dedicated frequency/time resources for the indication of EDT in Msg1, instead of partitioning of the legacy PRACH resources. It can be up to eNB how the Preambles/Frequency/Time are separated for each CE level.

	Qualcomm
	Dedicated preambles for EDT is preferred. Multiple grants in MSG2 to one UE should be avoided as it will waste uplink radio resources. It is up to eNB implementation if it wants to overlap the EDT resources with the non-EDT resources.

	Vodafone
	Dedicated preambles are preferred

	MediaTek
	Dedicated NRACH resource partitioning for EDT to ensure backward compatibility. 

EDT is a quite aggressive power saving optimization, and to achieve this we assume that sacrificing real-time performance is ok. Real-time service, e.g. emergency report would not use EDT. In order to have sufficient RACH resource pool size to not have fragmentation problems we suggest to consider time domain pooling, i.e. a UE may have to wait longer than legacy for a certain RACH resource. Specification of Time domain pooling would require some 3GPP time, but should anyway be done to avoid the alternative to transmit significant amount of padding. Dedicated NRACH resource partitioning for EDT to ensure backward compatibility. 

	ZTE
	We also prefer to configure separate/dedicated (N)PRACH resources for EDT indication, e.g., by using new non-anchor PRBs or narrowband carriers. We also agree with Qualcomm that multiple grants in MSG2 to one UE should be avoided.

	III
	We prefer to configure separate/dedicated (N)PRACH resources for EDT indication. Dedicated preambles may increase the collision probability for legacy UEs. 


Question 7: Please give details of how the preferred solution could be implemented in specifications, e.g. in TS 36.331 and TS 36.321. Companies are encouraged to provide ASN.1 examples.
	Company
	Comments

	Kyocera
	For eMTC; 

RACH-ConfigCommon ::=

SEQUENCE {

[…]

...,


[[
preambleTransMax-CE-r13


PreambleTransMax




OPTIONAL,
-- Need OR



rach-CE-LevelInfoList-r13

RACH-CE-LevelInfoList-r13


OPTIONAL
-- Need OR



rach-edt-InfoList-r15

RACH-EDT-InfoList-r15


OPTIONAL
-- Need OR

]]

}

RACH-EDT-InfoList-r15 ::=
SEQUENCE (SIZE (1..maxEdtRachPool-r15)) OF RACH-CE-LevelInfo-r13
For NB-IoT; 
NPRACH-ConfigSIB-NB-v15 ::=

SEQUENCE {


nprach-EdtParametersList-v15


NPRACH-EdtParametersList-NB-v15

}

NPRACH-EdtParametersList-NB-r15 ::=
SEQUENCE (SIZE (1.. maxEdtNPRACH-Resources-NB-r13)) OF NPRACH-Parameters-NB-r13
RACH-ConfigCommon-NB-r13 ::=

SEQUENCE {


preambleTransMax-CE-r13



PreambleTransMax,


powerRampingParameters-r13


PowerRampingParameters,


rach-InfoList-r13




RACH-InfoList-NB-r13,


connEstFailOffset-r13



INTEGER (0..15)




OPTIONAL,
-- Need OP


...


[[
rach-edt-InfoList-r15

RACH-EDT-InfoList-NB-r15


OPTIONAL
-- Need OR

]]
}

RACH-EDT-InfoList-NB-r15 ::=
SEQUENCE (SIZE (1.. maxEdtRachPool-NB-r15)) OF RACH-Info-NB-r13


	Huawei, HiSilicon
	The legacy structures nprach-Parameters-r14 and PRACH-ParametersCE-r13 for legacy PRACH configuration for NB-IoT and MTC can be used to configure EDT PRACH resource also, e.g.

For NB-IoT, SIB2/ SIB22-NB can signal the new partitions:

UL-ConfigCommon-NB-r14 ::=


SEQUENCE {


ul-CarrierFreq-r14




CarrierFreq-NB-r13,


nprach-ParametersList-r14  


NPRACH-ParametersList-NB-r14
OPTIONAL, -- Need OR


...,


[[
nprach-ParametersList-EDT-r15 
NPRACH-ParametersList-NB-r14
OPTIONAL, -- Need OR


]]

}

For MTC, SIB2 can signal the new partitions:

PRACH-ConfigSIB-v15xx ::=


SEQUENCE {


prach-ParametersListCE-EDT-r15


PRACH-ParametersListCE-r13
}


	Qualcomm
	Signal NPRACH resources for EDT in SIB2/SIB22-NB as shown in example by Huawei/HiSilicon. To support more than one MSG3 size indication the r15 structure should also include MSG3 size.

	ZTE
	Agree with Huawei and Qualcomm.

	Ericsson
	For eMTC, the configuration may be implemented as follows.
In RACH-ConfigCommon:

RACH-CE-LevelInfoList-r13 ::=   SEQUENCE (SIZE (1..maxCE-Level-r13)) OF RACH-CE-LevelInfo-r13

RACH-CE-LevelInfo-r13 ::=      SEQUENCE {

    preambleMappingInfo-r13            SEQUENCE {

       firstPreamble-r13                 INTEGER(0..63),

       lastPreamble-r13                  INTEGER(0..63)

    },

    ra-ResponseWindowSize-r13          ENUMERATED {sf20, sf50, sf80, sf120, sf180,

                                                sf240, sf320, sf400},

    mac-ContentionResolutionTimer-r13   ENUMERATED {sf80, sf100, sf120,

                                                sf160, sf200, sf240, sf480, sf960},

    rar-HoppingConfig-r13              ENUMERATED {on,off},

    ...,

    [[  preambleMappingInfo-EDT-r15     SEQUENCE {

       firstPreamble-EDT-r15              INTEGER(0..63),

       lastPreamble-EDT-r15               INTEGER(0..63)

        }
    ]]
}

The benefit of this approach would be that preambles used for EDT indication could be configured either as shared or dedicated preambles (as in legacy partitioning).
A sample configuration for the shared case:
Preambles used for CE0/CE1/CE2/CE3 (i.e. legacy configuration):
CE0: firstPreamble-r13 = 0, lastPreamble-r13 = 14

CE1: firstPreamble-r13 = 15, lastPreamble-r13 = 29

CE2: firstPreamble-r13 = 30, lastPreamble-r13 = 44
CE3: firstPreamble-r13 = 45, lastPreamble-r13 = 59

For EDT indication, e.g. 5 preambles per CE level:

CE0: firstPreamble-EDT-r15 = 10, lastPreamble-EDT-r15 = 14
CE1: firstPreamble-EDT-r15 = 25, lastPreamble-EDT-r15 = 29
CE2: firstPreamble-EDT-r15 = 40, lastPreamble-EDT-r15 = 44
CE3: firstPreamble-EDT-r15 = 55, lastPreamble-EDT-r15 = 59

For legacy partitioning, i.e. dedicated preambles, a similar sample configuration may be as follows: 

CE0: firstPreamble-r13 = 0, lastPreamble-r13 = 9

CE1: firstPreamble-r13 = 15, lastPreamble-r13 = 24

CE2: firstPreamble-r13 = 30, lastPreamble-r13 = 39
CE3: firstPreamble-r13 = 45, lastPreamble-r13 = 54

For EDT indication, e.g. 5 preambles per CE level:

CE0: firstPreamble-EDT-r15 = 10, lastPreamble-EDT-r15 = 14

CE1: firstPreamble-EDT-r15 = 25, lastPreamble-EDT-r15 = 29

CE2: firstPreamble-EDT-r15 = 40, lastPreamble-EDT-r15 = 44

CE3: firstPreamble-EDT-r15 = 55, lastPreamble-EDT-r15 = 59

For NB-IoT, similar approach can be taken, for example, by adding parameters in NPRACH-Parameters-NB:
NPRACH-ConfigSIB-NB-v15xy ::=

SEQUENCE {


nprach-ParametersList-v15xy


NPRACH-ParametersList-NB-v15xy
}
NPRACH-ParametersList-NB-v15xy ::=
SEQUENCE (SIZE (1.. maxNPRACH-Resources-NB-r13)) OF NPRACH-Parameters-NB-v15xy
NPRACH-Parameters-NB-v15xy ::=

SEQUENCE {


nprach-NumEDT-Subcarriers-r15



ENUMERATED {n0, n4, n8, n12, n16, n20, n24, spare}

nprach-NumDedicatedEDT-Subcarriers-r15

ENUMERATED {n0, n12, n24, n36}, 

}

}
Parameter ranges are just for example. 
Field nprach-NumEDT-Subcarriers would indicate how many shared EDT subcarriers there would be per NPRACH resource, where the first n subcarriers in a resource would be counted. Field nprach-NumDedicatedEDT-Subcarriers would indicate how many dedicated EDT subcarriers there would be per resource, where the dedicated subcarriers would be those after the configured legacy carriers (in nprach-NumSubcarriers). 
An sample consisting of both shared and dedicated preambles: 

nprach-NumSubcarriers-r13 = 24

nprach-NumEDT-Subcarriers-r15 = 12
nprach-NumDedicatedEDT-Subcarriers-r15 = 12
In this case subcarriers 0-23 could be used by legacy UEs, where subcarriers 0-11 could be additionally used for (shared) EDT indication. Subcarriers 24-35 could be used as dedicated EDT indication with this configuration.
It would be possible to only configure shared or dedicated preambles as well by setting either of the new parameters to 0.


Next, companies are asked to provide their views on the solutions proposed in Question 6 above with a discussion on pros and cons. 
Note: Companies are welcome to provide comments multiple times based on the solutions proposed.
Question 8: In your view, what are the pros/cons of the solutions proposed above in Question 6?

	Company
	Solution: Pros / cons

	Ericsson
	Here we list pros and cons for our preferred solution explained in Question 6.

Pros: 

· Dynamic configuration, which works on top of any existing grouping or configuration. 

· No need to define additional (N)PRACH physical resources. 

· No negative impact on (N)PRACH performance for legacy UEs or UEs that do not intend to use EDT or system performance in general. 

Cons: 

· eNB does not directly know if UE is legacy or Rel-15 UE based on preamble.

UPDATE
The solution proposed by Kyocera, Huawei et al. depends on using or configuring new (N)PRACH resources for EDT indication. The solution proposed by LG relies on using existing, CFRA resources for EDT. MediaTek additionally proposes time domain pooling. 
Pros: Backward compatible solutions assuming the resources are configured with no overlapping. 

Cons: The drawback of these solutions is that they will reduce the amount of uplink resources for other purposes, (N)PRACH resources or preambles/subcarriers available for legacy UEs. Time domain pooling would result in larger delays, and more specification work. 
For in-band NB-IoT or eMTC deployments in existing LTE cells, defining or using additional (in-band) resources just for EDT indication would mean performance degradation for the existing system and would also degrade the performance of non-MTC UEs. 

Therefore, we would like to have a solution where the eNB could configure EDT without necessarily defining additional PRACH resource or fragmenting existing preamble/subcarrier space. 

· 

	Huawei, HiSilicon
	Solution proposed by Ericsson:

Pros: No additional PRACH fragmentation.

Cons: Since the NPRACH resource is shared by EDT UEs and legacy UEs, the eNB needs to include both EDT grant and legacy grant in RAR. Thus we think the network resource efficiency and the power consumption of legacy UEs will be impacted.

Solution proposed by Kyocera and Huawei:

Pros: There is no impact on legacy UE. For NB-IoT, EDT is allowed to be configured on carriers which are not used for legacy random access.

Cons: Additional PRACH fragmentations.

The only difference is that we propose to reuse the current structures.

	LG
	Ericsson’s solution

Pros: No need to define additional (N)PRACH physical resources.
Cons: Need to change current RAR format and MAC PDU format including RAR, e.g., MAC sub-header.
Basically, we think that the proposed solution by LG, Kyocera and Huawei are based on additional PRACH fragmentation. The Pros and Cons are similar as follows:

Pros: No backward compatibility issue and no need to change current procedure.
Cons: Additional PRACH fragmentations.

	Intel
	We think there are limited resources in the existing (N)PRACH resource pool to use for EDT.
Pros of using dedicated PRACH resources for EDT:

- PRACH performance for legacy UE and eMTC UE will not be affected with partitioning

Cons:

- No sharing advantage during low load situation

	Qualcomm
	Non-dedicated EDT PRACH resources (Ericsson proposal):

Pros: Reduces impact of NPRACH resource partitioning on legacy UEs.

Cons: (1) Wastes uplink radio resources; (2) Requires in RAR format and it is not clear if this can be backwards compatible.

Dedicated EDT PRACH resources:

Pros: Uplink radio resources not wasted and new RAR format not required (pending RAN1 confirmation).

Cons: NPRACH resource partitioning.



	MediaTek
	Pros

· Simpler

Cons

· May lead to excessive RACH resource partitioning and larger latency if many TBS sizes indicated via Msg1 (a solution will be needed if this is the case)

	ZTE
	Non-dedicated EDT PRACH resources (Ericsson proposal):
Pros: No additional PRACH fragmentation.
Cons: (1) Multiple UL grants in RAR are needed. The number of RARs that can be accommodated in a MAC PDU would be reduced. In the case of massive random access, the delay and confliction would also be increased. (2) If there have not many UEs supporting EDT, many of the larger UL grant allocated in RAR would be wasted. It’s very resource inefficient for the eNB.

Dedicated EDT PRACH resources:

We agree with the Pros and Cons in the above comments.

	III
	We have similar views as Huawei. 


Question 9: What is the expected impact of each solution on the legacy configuration and on system (N)PRACH performance? 

	Company
	Impact on legacy configuration and (N)PRACH performance 

	Ericsson
	For our preferred solution explained in Question 6, there would be no impact in performance and use of UL resources, if the EDT preambles are configured on top of existing grouping or preamble partitions. This is because same preambles could be used by legacy UEs, thus the number of usable preambles would remain the same. Additionally, there is no need to define additional PRACH resources for EDT indication.
UPDATE:
Solution by Huawei, Kyocera, Nokia, et al.:

Need to configure additional (N)PRACH resources. Negative effect on use of uplink resources (i.e., additional uplink resources dedicated for (N)PRACH, negative effect on (N)PUSCH).

Solution by LG:

It is not clear to us how this solution would work e.g. in LTE-M with multiple CE levels using the same PRACH resources.



	Huawei, HiSilicon
	Impact of solution proposed by Ericsson:

The network resource efficiency and the power consumption of legacy UEs.
Impact of solution proposed by Kyocera:

Additional PRACH fragmentations and new structures need to be defined.
Impact of solution proposed by Huawei:

Additional PRACH fragmentations.

	LG
	We think that the proposed solutions can be categorized below and impact of each category is as follows:
Soft partitioning (Ericsson)
This solution needs huge change on RAR format because double UL grants for legacy UE and Rel-15 EDT UE should be transferred together and RAN2 must design how to transfer and indicate those two UL grants. This means that the current RAR format needs to be redefined for this solution.

Hard partitioning (Kyocera, Huawei, LG)
This solution needs to define additional PRACH fragmentation, e.g., preamble partitioning.

	Nokia
	Our preferred solution has no impact on the legacy configuration on preambles and PRACH resources. On system level PRACH performance, the additional PRACH resources for EDT might require more physical resources.

	Qualcomm
	Dedicated PRACH resource for EDT has the potential for increasing RACH failure (due to PRACH collision) for legacy UEs if the PRACH resource pool is not increased.

With shared PRACH resource for EDT and non-EDT uplink NPUSCH resources are wasted and have potential for NPUSCH becoming a bottleneck.

	MediaTek
	Backward compatible. 

Time domain pooling means that SFN or other time indicator would be used to indicate RACH resources belonging to each sub-pool.

	ZTE
	Similar comments as that for Question 8.


Question 10: Are there any further impact RAN2 should consider, e.g., impacts on UE or eNB implementation or complexity?

	Company
	Impact

	Qualcomm
	There is no real difference in UE implementation complexity of using dedicated PRACH resource or common PRACH resource for EDT. But the impact of new RAR format on implementation complexity is not understood.


4.3 UL grant
Question 11: Based on the discussion above and the proposals for (N)PRACH resource pool partitioning, is there a need to change the way how UL grant for Msg3 is provided? If yes, please provide an alternative(s) and the preferred option on how the UL grant for Msg3 for EDT should be provided. 
	Company
	Comments 

	Huawei, HiSilicon
	We do not see any need to change the basic way for providing UL grant for Msg3, i.e., one UL grant in RAR. 

However, the format of UL grant for Msg3 for EDT may need to be changed since we want to use it to provide more than one TBS. In NB-IoT, there are only 5 reserved status in the current UL grant in RAR, which may be too less to provide enough scheduling flexibility. Thus, how to use the UL grant in RAR to provide enough scheduling flexibility needs to be considered.

	LG
	No need to change current procedure to provide EDT UL grant for Msg3. In addition, considering backward compatibility, RAR format should not be changed.

	Nokia
	We don’t see a need to change how Msg2 provides UL grant.

	Intel
	We also do not see the need to change.

	Qualcomm
	With dedicated EDT PRACH resources method, we don’t see the need to change how uplink grant for MSG3 is provided. If there is only one maximum size for MSG3 for each coverage level then there is really only need for at most 3 (for NB-IoT) or 4 (for eMTC) different grant sizes in MSG3. 5 spare bits provide up to 32 different grant sizes and this can provide 10(NB-IoT) or 8 (eMTC) MSG3 sizes for each coverage level.

	MediaTek
	We are open to use both multiple UL grant in RAR and NPRACH resource partitioning, to indicate TB size to avoid excessive padding / resource waste. This seems very important. However the mechanism of multiple UL grant would need to be discussed and decided in RAN1. RAN2 could also consider time-domain pooling of RACH resources to avoid fragmentation problems while it could still be possible to avoid excessive padding.

	ZTE
	We also don’t see the need to change the way how Msg2 provides UL grant for Msg3.

Whether other changes are needed for RAR or Msg2 could be further considered. For example, whether RAR can be used to indicate the UE using EDT fallback to legacy procedure in some abnormal cases.

	Ericsson
	The mechanism we propose in Q6 does not require changes in the way the legacy UL grant is provided for Msg3. That is, the RAR format would be kept such the legacy UEs can read it and send Msg3 as before. There is no impact in the resource use efficiency or power consumption of legacy UEs. 

We agree with Huawei that some changes of the UL grant in RAR may be expected, as, for example for NB-IoT, there are only few code points left for indicating the TBS, and we may want more flexibility. 

Additional grant information can be embedded in the existing RAR format, and there is no need to do large changes as suggested by some companies. The provided UL grants can point to the same starting time/frequency location, thus the grants would be “on top of each other” which would not necessarily result in any waste of resources in the case only one of the grants is used. 
Like MediaTek comments, an additional benefit would be that the UE could use TBS closest to the actual UL data size (e.g. like a “flexible grant”), reducing possible resource waste from padding bits. 



	III
	In order to support more than one TB UL grant, RAR needs to be enhanced. 


4.4 Other

Question 12: Please comment on any other expected impact in RAN2 specifications:
	Company
	Impact

	
	


Question 13: Please indicate any further topics RAN2 should consider regarding “EDT indication via PRACH” not addressed by the presented questions:
	Company
	Impact

	
	


5 Summary

Question 1: Please provide your view on how should the EDT indication be interpreted, that is, when a UE should use such indication. 
Summary: The answers to this question are somewhat mixed, but there are some common points raised by many companies. 
9 companies out of 14 say that EDT indication should be sent only when the size of Msg3 is smaller than the maximum value broadcasted by the eNB.

One company additionally says EDT indication also means that there is no any further UL data expected.

Five companies say the EDT indication should be just used to indicate that the UE would like to send UL data in Msg3 which may be larger than the maximum value broadcasted by the eNB.
Based on above, majority of the companies have the opinion EDT indication should be used by the UE only when Msg3 size would be less than the maximum value broadcasted by the eNB: 

Proposal 1 EDT is indicated when the Msg3 size the UE intends to transmit is equal or smaller than the maximum possible grant size for Msg3 broadcast per CE. 

Several companies discuss segmentation, where the views include allowing segmentation (for UP) or to fall back to legacy procedures in case data does not fit in Msg3. Regardless of if Proposal 1 is agreed, it should be discussed what would happen in case data does not fit in the UL grant for Msg3:

Proposal 2 Discuss if segmentation is allowed in Msg3 for the UP solution.
Additionally, one company thinks EDT indication should be used to indicate UE capability for DL EDT, where one company says this is not needed. 

Rapporteur note: Similar discussion point(s) as in Q1 are also included in email discussion [99bis#55] on EDT RRC messages, so I propose to take the discussion of Q1 together with that.

Question 2: Should it be possible to configure EDT indication per enhanced coverage level?

Summary: 13 out of 14 companies think the EDT indication should be per enhanced coverage level.

One company thinks this is not needed, and the eNB should support sending UL data only in enhanced coverage. 

Proposal 3 EDT indication is configured per enhanced coverage level.
Question 3: Is there a need to indicate the size of the data intended for early UL transmission using preambles? Please justify the answer. If yes, what would be the resolution and the (maximum) number of indicated sizes?   

Summary: 9 out of 13 companies explicitly say the data size should not be indicated with preambles, for example due to preamble space fragmentation and additional complexity. 

One company says there should be one size per coverage level with design which allows more in the future. 

Three companies explicitly say yes to address too large grant being provided for Msg3 transmission. 

Majority of the companies prefer no explicit indication using the preambles, where some mention possibility for future enhancements. 

Proposal 4 Data size intended for early UL transmission is not explicitly indicated with preamble partitioning.
Companies which would prefer indication with preamble bring up the issue of spectral efficiency and UL resource use, and would like e.g. to avoid excessive padding. The rapporteur also thinks this is an issue we should address, see proposal related to this issue in Question 11. 

Question 4: For early data transmission, should it be possible to indicate the UE category via selected preamble?

No company thinks we should indicate UE category with the preambles, at least in the case when maximum supported TBS is 1000 bits or less, implying support for Cat-NB1/M1. If larger TB sizes are to be supported, we need to revisit this discussion. 

Proposal 5 UE category is not indicated using preambles, assuming that maximum TBS supported for EDT in the UL is 1000 bits or less. 
Question 5: Please list any additional aspects RAN2 should consider regarding the indication for EDT:

Summary: One company thinks authorization mechanism for EDT should we defined. Rapporteur proposes that this topic is discussed based on contributions. 

Question 6: Companies are invited to provide solutions on how to configure (N)PRACH resource pool partitioning for EDT indication. Companies are encouraged to give details such as how preamble partitioning would be done, and how to ensure that the solution is backwards-compatible. 

and

Question 7: Please give details of how the preferred solution could be implemented in specifications, e.g. in TS 36.331 and TS 36.321. Companies are encouraged to provide ASN.1 examples.
Summary: 11 companies replied on Q6 and 5 companies provided further details on Q7 with some ASN.1 examples. 

All companies which answered Q6 think that eNB should be able to configure at least dedicated preambles or resources for EDT. Additionally, one company prefers configuring of “shared” resources. 

Regarding if the resources should be separate or if preambles should be grouped or fragmented, the answers are divided as follows:

· Four companies explicitly mention configuring separate (N)PRACH resources, e.g. by using additional anchor carriers or narrowbands. Additionally, two companies support defining new PRACH resource lists, where it would be up to eNB implementation to configure separate (N)PRACH resources. 

· One company would like to discuss using time domain pooling and use dedicated NPRACH resource partitioning.

· Three companies mention using dedicated preambles, where one company explicitly prefers hard partitioning with dedicated preambles (for example by dividing CFRA preambles pool).

· One company prefers using existing resources with dedicated or shared partitioning of preambles. 

Based on the answers so far it is difficult to reach conclusion on how exactly the configuration should be done. Number of answers additionally indicate it would be up to eNB to provide configuration, for example if separate resources are configured, and if the resources are overlapping or not. Therefore, the proposal is to continue the discussion during the meeting where companies are invited to provide more details on their preferred solution. 

Questions 7-10 also present further details and provide views on the advantages and disadvantages of the solutions. It is proposed those answers and summaries are considered when discussing and deciding how the configuration of the EDT preambles is done. 

Proposal 6 Discuss if random access resource partitioning is configured with respect to physical layer resources, preambles or both, i.e. as in legacy eMTC or NB-IoT, for EDT indication. 

Additionally, one company mentions mac-ContentionResolutionTimer should take into account the RTT between UL and DL EDT transmissions. Rapporteur thinks this should be discussed together with email discussion [99bis#55] on EDT RRC messages as it contents and procedures related to Msg3 and Msg4. 

Question 8: In your view, what are the pros/cons of the solutions proposed above in Question 6?

and 

Question 9: What is the expected impact of each solution on the legacy configuration and on system (N)PRACH performance? 

Summary: 7 companies provided answers for Q8 and for Q9 (not all companies were the same).

The provided answers mostly address pros/cons and impact on configuration of either providing separate, dedicated (N)PRACH resources (as proposed for example by Kyocera, Huawei, et al.) or using shared resources (preferred by Ericsson). The companies seem to have similar understanding on the following:

Separate (N)PRACH physical resources for EDT:

Pros: Backwards compatible solution with no need for Msg2/RAR changes.

Cons: Requires additional physical (N)PRACH resources/fragmentation.

Shared (N)PRACH physical resources and preambles:

Pros: No need for additional physical (N)PRACH resources.

Cons: Need to provide additional grants or change Msg2/RAR contents.

Some companies bring up concerns of the network resource efficiency. Two (or three) companies bring this up for the dedicated resource case, and four companies for the shared resource case.
In addition, in Q8 the following points are brought up:

· One company thinks it is not clear how multiple CE levels would work when CFRA preambles are partitioned

· One company explains time domain pooling would mean using a time indicator to indicate RACH resource sub-pool. 

· One company mentions increasing RACH failure rate if PRACH resource pool is not increased
The answers to Q8 and Q9 are proposed to be taken into account when discussing Proposal 6 and Proposal 7. 

Question 10: Are there any further impact RAN2 should consider, e.g., impacts on UE or eNB implementation or complexity?

Summary: Only one company provided view on this, indicating there should be no difference between shared or dedicated resources and raised concern on what the impact of possible RAR format change would be. 
Rapporteur proposes to take this answer into account when discussing Proposal 6 and Proposal 7.
Question 11: Based on the discussion above and the proposals for (N)PRACH resource pool partitioning, is there a need to change the way how UL grant for Msg3 is provided? If yes, please provide an alternative(s) and the preferred option on how the UL grant for Msg3 for EDT should be provided. 

Summary: 9 companies provided answers for Q11. 
6 companies indicate there is no need to change how the UL grant is provided in Msg2. 

3 companies would like or were open to change Msg2 or RAR format if multiple grants or TB sizes need to be indicated. 

3 companies mention we need to look at how the different TB sizes are indicated in the UL grant to provide enough flexibility for the grant sizes. 

Additionally, in some answers similar concerns as in Q3 were raised regarding uplink resource efficiency and how to avoid excessive padding. Similar issues, and uplink resource efficiency in general have been brought up in answers to earlier questions as well, thus it is proposed that these issues and possible solution are discussed further. 
Proposal 7 Discuss how uplink resources for transmitting Msg3 can be allocated efficiently, e.g. to minimize the number of padding bits etc. 

Depending on the discussion related to Proposal 7 and the answers to Q11, for example the following proposals can be discussed further:
Proposal 8.a  Legacy UL grant format is used for early data transmission in Msg3.
Proposal 8.b  Discuss alternative grant allocation mechanisms, e.g. how to allocate multiple grants or TB sizes. 

Question 12: Please comment on any other expected impact in RAN2 specifications
and
Question 13: Please indicate any further topics RAN2 should consider regarding “EDT indication via PRACH” not addressed by the presented questions

Summary: No company provided input to Q12 and Q13.

6 Conclusion

Based on the answers to questions in Section 4, and summary in Section 5, the rapporteur makes the following proposals:

Proposal 1
EDT is indicated when the Msg3 size the UE intends to transmit is equal or smaller than the maximum possible grant size for Msg3 broadcast per CE.
Proposal 2
Discuss if segmentation is allowed in Msg3 for the UP solution.
Proposal 3
EDT indication is configured per enhanced coverage level.
Proposal 4
Data size intended for early UL transmission is not explicitly indicated with preamble partitioning.
Proposal 5
UE category is not indicated using preambles, assuming that maximum TBS supported for EDT in the UL is 1000 bits or less.
Proposal 6
Discuss if random access resource partitioning is configured with respect to physical layer resources, preambles or both, i.e. as in legacy eMTC or NB-IoT, for EDT indication.
Proposal 7
Discuss how uplink resources for transmitting Msg3 can be allocated efficiently, e.g. to minimize the number of padding bits etc.


Proposal 8.a  

Legacy UL grant format is used for early data transmission in Msg3.

Proposal 8.b 

Discuss alternative grant allocation mechanisms, e.g. how to allocate multiple grants or TB sizes for blind reception at eNB. 
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Appendix A: Rel-14 NB-IoT configuration / ASN.1

–
NPRACH-ConfigSIB-NB
The IE NPRACH-ConfigSIB-NB is used to specify the NPRACH configuration for the anchor carrier.

NPRACH-ConfigSIB-NB information elements
-- ASN1START

NPRACH-ConfigSIB-NB-r13 ::=


SEQUENCE {


nprach-CP-Length-r13



ENUMERATED {us66dot7, us266dot7},


rsrp-ThresholdsPrachInfoList-r13
RSRP-ThresholdsNPRACH-InfoList-NB-r13 
OPTIONAL,
-- need OR


nprach-ParametersList-r13

NPRACH-ParametersList-NB-r13

}

NPRACH-ConfigSIB-NB-v1330 ::=

SEQUENCE {


nprach-ParametersList-v1330


NPRACH-ParametersList-NB-v1330

}

NPRACH-ParametersList-NB-r13 ::=
SEQUENCE (SIZE (1.. maxNPRACH-Resources-NB-r13)) OF NPRACH-Parameters-NB-r13

NPRACH-ParametersList-NB-v1330 ::=
SEQUENCE (SIZE (1.. maxNPRACH-Resources-NB-r13)) OF NPRACH-Parameters-NB-v1330

NPRACH-Parameters-NB-r13::=


SEQUENCE {


nprach-Periodicity-r13 




ENUMERATED {ms40, ms80, ms160, ms240, 














ms320, ms640, ms1280, ms2560},


nprach-StartTime-r13




ENUMERATED {ms8, ms16, ms32, ms64, 














ms128, ms256, ms512, ms1024},


nprach-SubcarrierOffset-r13



ENUMERATED {n0, n12, n24, n36, n2, n18, n34, spare1},


nprach-NumSubcarriers-r13



ENUMERATED {n12, n24, n36, n48},


nprach-SubcarrierMSG3-RangeStart-r13
ENUMERATED {zero, oneThird, twoThird, one},


maxNumPreambleAttemptCE-r13



ENUMERATED {n3, n4, n5, n6, n7, n8, n10, spare1},


numRepetitionsPerPreambleAttempt-r13
ENUMERATED {n1, n2, n4, n8, n16, n32, n64, n128},


npdcch-NumRepetitions-RA-r13


ENUMERATED {r1, r2, r4, r8, r16, r32, r64, r128, 















r256, r512, r1024, r2048, 















spare4, spare3, spare2, spare1},


npdcch-StartSF-CSS-RA-r13



ENUMERATED {v1dot5, v2, v4, v8, v16, v32, v48, v64},


npdcch-Offset-RA-r13




ENUMERATED {zero, oneEighth, oneFourth, threeEighth}

}

NPRACH-Parameters-NB-v1330 ::=

SEQUENCE {


nprach-NumCBRA-StartSubcarriers-r13

ENUMERATED {n8, n10, n11, n12, n20, n22, n23, n24, 















n32, n34, n35, n36, n40, n44, n46, n48}

}

RSRP-ThresholdsNPRACH-InfoList-NB-r13 ::= SEQUENCE (SIZE(1..2)) OF RSRP-Range

-- ASN1STOP

	NPRACH-ConfigSIB-NB field descriptions

	maxNumPreambleAttemptCE

Maximum number of preamble transmission attempts per NPRACH resource. See TS 36.321 [6].

	npdcch-NumRepetitions-RA

Maximum number of repetitions for NPDCCH common search space (CSS) for RAR, Msg3 retransmission and Msg4, see TS 36.213 [23, 16.6].

	npdcch-Offset -RA 

Fractional period offset of starting subframe for NPDCCH common search space (CSS Type 2), see TS 36.213 [23, 16.6].

	npdcch-StartSF-CSS-RA 

Starting subframe configuration for NPDCCH common search space (CSS), including RAR, Msg3 retransmission, and Msg4, see TS 36.213 [23, 16.6].

	nprach-CP-Length

Cyclic prefix length for NPRACH transmission (TCP), see TS 36.211 [21, 10.1.6]. Value us66dot7 corresponds to 66.7 microseconds and value us266dot7 corresponds to 266.7 microseconds.

	nprach-NumCBRA-StartSubcarriers

The number of start subcarriers from which a UE can randomly select a start subcarrier as specified in TS 36.321 [6]. The start subcarrier indices that the UE is allowed to randomly select from, are given by:

nprach-SubcarrierOffset + [0, nprach-NumCBRA-StartSubcarriers - 1]

	nprach-NumSubcarriers

Number of sub-carriers in a NPRACH resource, see TS 36.211 [21, 10.1.6]. In number of subcarriers.

	nprach-ParametersList

Configures NPRACH parameters for each NPRACH resource. Up to three PRACH resources can be configured in a cell. Each NPRACH resource is associated with a different number of NPRACH repetitions.

	nprach-Periodicity

Periodicity of a NPRACH resource, see TS 36.211 [21, 10.1.6]. Unit in millisecond.

	nprach-StartTime

Start time of the NPRACH resource in one period, see TS 36.211 [21, 10.1.6]. Unit in millisecond.

	nprach-SubcarrierOffset

Frequency location of the NPRACH resource, see TS 36.211 [21, 10.1.6]. In number of subcarriers, offset from sub-carrier 0.

	nprach-SubcarrierMSG3-RangeStart

Fraction for calculating the starting subcarrier index of the range reserved for indication of UE support for multi-tone Msg3 transmission, within the NPRACH resource, see TS 36.211 [21, 10.1.6]. Multi-tone Msg3 transmission is not supported for {32, 64, 128} repetitions of NPRACH. For at least one of the NPRACH resources with the number of NPRACH repetitions other than {32, 64, 128}, the value of nprach-SubcarrierMSG3-RangeStart should not be 0.

If nprach-SubcarrierMSG3-RangeStart is equal to oneThird}or twoThird the start subcarrier indexes for the two partitions are given by:

nprach-SubcarrierOffset + [0, floor(nprach-NumCBRA-StartSubcarriers * nprach-SubcarrierMSG3-RangeStart) -1] 

for the single-tone Msg3 NPRACH partition;

nprach-SubcarrierOffset + [floor(nprach-NumCBRA-StartSubcarriers * nprach-SubcarrierMSG3-RangeStart), nprach-NumCBRA-StartSubcarriers - 1] 

for the multi-tone Msg3 NPRACH partition;

	numRepetitionsPerPreambleAttempt

Number of NPRACH repetitions per attempt for each NPRACH resource, See TS 36.211 [21, 10.1.6].

	rsrp-ThresholdsPrachInfoList

The criterion for UEs to select a NPRACH resource. Up to 2 RSRP threshold values can be signalled. The first element corresponds to RSRP threshold 1, the second element corresponds to RSRP threshold 2. See TS 36.321 [6]. If absent, there is only one NPRACH resource.

A UE that supports powerClassNB-14dBm-r14 shall correct the RSRP threshold values before applying them as follows:

RSRP threshold = Signalled RSRP threshold - min{0, (14-min(23, P-Max)) where P-Max:  is the value of p-Max field in SystemInformationBlockType1-NB.


–
RACH-ConfigCommon-NB
The IE RACH-ConfigCommon-NB is used to specify the generic random access parameters.

RACH-ConfigCommon-NB information element
-- ASN1START

RACH-ConfigCommon-NB-r13 ::=

SEQUENCE {


preambleTransMax-CE-r13



PreambleTransMax,


powerRampingParameters-r13


PowerRampingParameters,


rach-InfoList-r13




RACH-InfoList-NB-r13,


connEstFailOffset-r13



INTEGER (0..15)




OPTIONAL,
-- Need OP


...

}

RACH-InfoList-NB-r13 ::=
SEQUENCE (SIZE (1.. maxNPRACH-Resources-NB-r13)) OF RACH-Info-NB-r13

RACH-Info-NB-r13
::=

SEQUENCE {


ra-ResponseWindowSize-r13


ENUMERATED {












pp2, pp3, pp4, pp5, pp6, pp7, pp8, pp10},


mac-ContentionResolutionTimer-r13
ENUMERATED {












pp1, pp2, pp3, pp4, pp8, pp16, pp32, pp64}

}

-- ASN1STOP

	RACH-ConfigCommon-NB field descriptions

	connEstFailOffset

Parameter “Qoffsettemp” in TS 36.304 [4]. If the field is not present the value of infinity shall be used for “Qoffsettemp”.

	mac-ContentionResolutionTimer

Timer for contention resolution in TS 36.321 [6]. Value in PDCCH periods. Value pp1 corresponds to 1 PDCCH period, pp2 corresponds to 2 PDCCH periods and so on. The value considered by the UE is: mac-ContentionResolutionTimer = Min (signaled value x PDCCH period, 10.24s).

	powerRampingParameters

Power ramping step and preamble initial received target power – same as TS 36.213 [23] and TS 36.321 [6].

If more than one repetition level is configured in the cell, then the UE transmits NPRACH with max power except for the lowest repetition level. Otherwise, the UE uses NPRACH power ramping.

	preambleTransMax-CE

Maximum number of preamble transmission in TS 36.321 [6]. Value is an integer.

	ra-ResponseWindowSize

Duration of the RA response window in TS 36.321 [6]. Value in PDCCH periods. Value pp2 corresponds to 2 PDDCH periods, pp3 corresponds to 3 PDCCH periods and so on. The value considered by the UE is: ra-ResponseWindowSize = Min (signaled value x PDCCH period, 10.24s).


Appendix B: Rel-14 LTE-MTC configuration / ASN.1

–
RACH-ConfigCommon
The IE RACH-ConfigCommon is used to specify the generic random access parameters.

RACH-ConfigCommon information element

-- ASN1START

RACH-ConfigCommon ::=

SEQUENCE {


preambleInfo





SEQUENCE {



numberOfRA-Preambles



ENUMERATED {













n4, n8, n12, n16, n20, n24, n28,













n32, n36, n40, n44, n48, n52, n56,













n60, n64},



preamblesGroupAConfig



SEQUENCE {




sizeOfRA-PreamblesGroupA


ENUMERATED {














n4, n8, n12, n16, n20, n24, n28,














n32, n36, n40, n44, n48, n52, n56,














n60},




messageSizeGroupA





ENUMERATED {b56, b144, b208, b256},




messagePowerOffsetGroupB


ENUMERATED {














minusinfinity, dB0, dB5, dB8, dB10, dB12,














dB15, dB18},




...



}


OPTIONAL












-- Need OP


},


powerRampingParameters



PowerRampingParameters,


ra-SupervisionInfo




SEQUENCE {



preambleTransMax




PreambleTransMax,



ra-ResponseWindowSize



ENUMERATED {













sf2, sf3, sf4, sf5, sf6, sf7,













sf8, sf10},



mac-ContentionResolutionTimer

ENUMERATED {













sf8, sf16, sf24, sf32, sf40, sf48,













sf56, sf64}


},


maxHARQ-Msg3Tx





INTEGER (1..8),


...,


[[
preambleTransMax-CE-r13


PreambleTransMax




OPTIONAL,
-- Need OR



rach-CE-LevelInfoList-r13

RACH-CE-LevelInfoList-r13


OPTIONAL
-- Need OR


]]

}

RACH-ConfigCommon-v1250 ::=

SEQUENCE {


txFailParams-r12 



SEQUENCE {



connEstFailCount-r12




ENUMERATED {n1, n2, n3, n4},



connEstFailOffsetValidity-r12


ENUMERATED {s30, s60, s120, s240, 















s300, s420, s600, s900},



connEstFailOffset-r12




INTEGER (0..15)

OPTIONAL
-- Need OP


}

}

RACH-ConfigCommonSCell-r11 ::=

SEQUENCE {


powerRampingParameters-r11



PowerRampingParameters,


ra-SupervisionInfo-r11




SEQUENCE {



preambleTransMax-r11




PreambleTransMax


},


...

}

RACH-CE-LevelInfoList-r13 ::=
SEQUENCE (SIZE (1..maxCE-Level-r13)) OF RACH-CE-LevelInfo-r13

RACH-CE-LevelInfo-r13 ::=

SEQUENCE {


preambleMappingInfo-r13



SEQUENCE {



firstPreamble-r13




INTEGER(0..63),



lastPreamble-r13




INTEGER(0..63)


},


ra-ResponseWindowSize-r13


ENUMERATED {sf20, sf50, sf80, sf120, sf180,














sf240, sf320, sf400},


mac-ContentionResolutionTimer-r13
ENUMERATED {sf80, sf100, sf120,














sf160, sf200, sf240, sf480, sf960},


rar-HoppingConfig-r13



ENUMERATED {on,off},


...

}

PowerRampingParameters ::=


SEQUENCE {


powerRampingStep




ENUMERATED {dB0, dB2,dB4, dB6},


preambleInitialReceivedTargetPower
ENUMERATED {












dBm-120, dBm-118, dBm-116, dBm-114, dBm-112,












dBm-110, dBm-108, dBm-106, dBm-104, dBm-102,












dBm-100, dBm-98, dBm-96, dBm-94,












dBm-92, dBm-90}

}

PreambleTransMax ::=



ENUMERATED {












n3, n4, n5, n6, n7,
n8, n10, n20, n50,












n100, n200}

-- ASN1STOP

	RACH-ConfigCommon field descriptions

	connEstFailCount

Number of times that the UE detects T300 expiry on the same cell before applying connEstFailOffset. 

	connEstFailOffset

Parameter “Qoffsettemp” in TS 36.304 [4]. If the field is not present the value of infinity shall be used for “Qoffsettemp”.

	connEstFailOffsetValidity

Amount of time that the UE applies connEstFailOffset before removing the offset from evaluation of the cell. Value s30 corresponds to 30 seconds, s60 corresponds to 60 seconds, and so on.

	mac-ContentionResolutionTimer

Timer for contention resolution in TS 36.321 [6]. Value in subframes. Value sf8 corresponds to 8 subframes, sf16 corresponds to 16 subframes and so on.

	maxHARQ-Msg3Tx

Maximum number of Msg3 HARQ transmissions in TS 36.321 [6], used for contention based random access. Value is an integer.

	messagePowerOffsetGroupB

Threshold for preamble selection in TS 36.321 [6]. Value in dB. Value minusinfinity corresponds to –infinity. Value dB0 corresponds to 0 dB, dB5 corresponds to 5 dB and so on.

	messageSizeGroupA

Threshold for preamble selection in TS 36.321 [6]. Value in bits. Value b56 corresponds to 56 bits, b144 corresponds to 144 bits and so on.

	numberOfRA-Preambles

Number of non-dedicated random access preambles in TS 36.321 [6]. Value is an integer. Value n4 corresponds to 4, n8 corresponds to 8 and so on.

	powerRampingStep

Power ramping factor in TS 36.321 [6]. Value in dB. Value dB0 corresponds to 0 dB, dB2 corresponds to 2 dB and so on.

	preambleInitialReceivedTargetPower

Initial preamble power in TS 36.321 [6]. Value in dBm. Value dBm-120 corresponds to -120 dBm, dBm-118 corresponds to -118 dBm and so on.

	preambleMappingInfo

Provides the mapping of premables to groups for each CE level, as specified in TS 36.321 [6]. When random access preambles group B is used, firstPreamble-r13 is set to 0 and lastPreamble-r13 is set to numberOfRA-Preambles-1.

	preamblesGroupAConfig

Provides the configuration for preamble grouping in TS 36.321 [6]. If the field is not signalled, the size of the random access preambles group A [6] is equal to numberOfRA-Preambles.

	preambleTransMax, preambleTransMax-CE

Maximum number of preamble transmission in TS 36.321 [6]. Value is an integer. Value n3 corresponds to 3, n4 corresponds to 4 and so on.

	rach-CE-LevelInfoList

Provides RACH information each coverage level. The first entry in the list contains RACH information of CE level 0, the second entry in the list contains RACH information of CE level 1, and so on. If E-UTRAN includes rach-CE-LevelInfoList, it includes the same number of entries as in prach-ParametersListCE.

	ra-ResponseWindowSize

Duration of the RA response window in TS 36.321 [6]. Value in subframes. Value sf2 corresponds to 2 subframes, sf3 corresponds to 3 subframes and so on. The same value applies for each serving cell (although the associated functionality is performed independently for each cell).

	rar-HoppingConfig
Frequency hopping activation/deactivation for RAR/Msg3/Msg4 for a CE level, see TS 36.211 [21].

	sizeOfRA-PreamblesGroupA

Size of the random access preambles group A in TS 36.321 [6]. Value is an integer. Value n4 corresponds to 4, n8 corresponds to 8 and so on.


–
PRACH-Config
The IE PRACH-ConfigSIB and IE PRACH-Config are used to specify the PRACH configuration in the system information and in the mobility control information, respectively.

PRACH-Config information elements

-- ASN1START

PRACH-ConfigSIB ::=



SEQUENCE {


rootSequenceIndex




INTEGER (0..837),


prach-ConfigInfo




PRACH-ConfigInfo

}

PRACH-ConfigSIB-v1310 ::=


SEQUENCE {


rsrp-ThresholdsPrachInfoList-r13

RSRP-ThresholdsPrachInfoList-r13,


mpdcch-startSF-CSS-RA-r13


CHOICE {



fdd-r13







ENUMERATED {v1, v1dot5, v2, v2dot5, v4, v5, v8, 













v10},

 

tdd-r13







ENUMERATED {v1, v2, v4, v5, v8, v10, v20, spare}


} 

















OPTIONAL,
-- Cond MP


prach-HoppingOffset-r13



INTEGER (0..94)





OPTIONAL,
-- Need OR


prach-ParametersListCE-r13


PRACH-ParametersListCE-r13

}

PRACH-Config ::=




SEQUENCE {


rootSequenceIndex




INTEGER (0..837),


prach-ConfigInfo




PRACH-ConfigInfo




OPTIONAL
-- Need ON

}

PRACH-Config-v1310 ::=



SEQUENCE {


rsrp-ThresholdsPrachInfoList-r13

RSRP-ThresholdsPrachInfoList-r13

OPTIONAL,
-- Cond MP


mpdcch-startSF-CSS-RA-r13


CHOICE {



fdd-r13







ENUMERATED {v1, v1dot5, v2, v2dot5, v4, v5, v8, 













v10},

 

tdd-r13







ENUMERATED {v1, v2, v4, v5, v8, v10, v20, spare}


} 

















OPTIONAL,
-- Cond MP


prach-HoppingOffset-r13



INTEGER (0..94)





OPTIONAL,
-- Need OR


prach-ParametersListCE-r13


PRACH-ParametersListCE-r13


OPTIONAL,
-- Cond MP


initial-CE-level-r13




INTEGER (0..3) 

OPTIONAL
-- Need OR

}

PRACH-Config-v1430 ::=



SEQUENCE {


rootSequenceIndexHighSpeed-r14



INTEGER (0..837),


zeroCorrelationZoneConfigHighSpeed-r14

INTEGER (0..12),


prach-ConfigIndexHighSpeed-r14



INTEGER (0..63),


prach-FreqOffsetHighSpeed-r14



INTEGER (0..94)

}

PRACH-ConfigSCell-r10 ::=



SEQUENCE {


prach-ConfigIndex-r10




INTEGER (0..63)

}

PRACH-ConfigInfo ::=



SEQUENCE {


prach-ConfigIndex




INTEGER (0..63),


highSpeedFlag





BOOLEAN,


zeroCorrelationZoneConfig


INTEGER (0..15),


prach-FreqOffset




INTEGER (0..94)

}

PRACH-ParametersListCE-r13 ::=
SEQUENCE (SIZE(1..maxCE-Level-r13)) OF PRACH-ParametersCE-r13

PRACH-ParametersCE-r13 ::=


SEQUENCE {


prach-ConfigIndex-r13




INTEGER (0..63),


prach-FreqOffset-r13





INTEGER (0..94), 


prach-StartingSubframe-r13



ENUMERATED {sf2, sf4, sf8, sf16, sf32, sf64, sf128,















sf256}



OPTIONAL,
-- Need OP


maxNumPreambleAttemptCE-r13









ENUMERATED {n3, n4, n5, n6, n7, n8, n10}
OPTIONAL,
-- Need OP


numRepetitionPerPreambleAttempt-r13

ENUMERATED {n1,n2,n4,n8,n16,n32,n64,n128},


mpdcch-NarrowbandsToMonitor-r13


SEQUENCE (SIZE(1..2)) OF 














INTEGER (1..maxAvailNarrowBands-r13),


mpdcch-NumRepetition-RA-r13



ENUMERATED {r1, r2, r4, r8, r16,















r32, r64, r128, r256},


prach-HoppingConfig-r13




ENUMERATED {on,off}

}

RSRP-ThresholdsPrachInfoList-r13 ::= SEQUENCE (SIZE(1..3)) OF RSRP-Range

-- ASN1STOP

	PRACH-Config field descriptions

	initial-CE-level 

Indicates initial PRACH CE level at random access, see TS 36.321 [6]. If not configured, UE selects PRACH CE level based on measured RSRP level, see TS 36.321 [6].

	highSpeedFlag

Parameter: High-speed-flag, see TS 36.211 [21, 5.7.2]. TRUE corresponds to Restricted set and FALSE to Unrestricted set.

	maxNumPreambleAttemptCE 

Maximum number of preamble transmission attempts per CE level. See TS 36.321 [6].

If the field is absent, the UE shall use the default value n3.

	mpdcch-NarrowbandsToMonitor

Narrowbands to monitor for MPDCCH for RAR, see TS 36.213 [23, 6.2]. Field values (1..maxAvailNarrowBands-r13) correspond to narrowband indices (0..[maxAvailNarrowBands-r13-1]) as specified in TS 36.211 [21].

	mpdcch-NumRepetition-RA

Maximum number of repetitions for MPDCCH common search space (CSS) for RAR, Msg3 and Msg4, see TS 36.211 [21].

	mpdcch-startSF-CSS-RA 

Starting subframe configuration for MPDCCH common search space (CSS), including RAR, Msg3 retransmission, PDSCH with contention resolution and PDSCH with CCCH MAC SDU, see TS 36.211 [21] and TS 36.213 [23]. Value v1 corresponds to 1, value v1dot5 corresponds to 1.5, and so on.

	numRepetitionPerPreambleAttempt

Number of PRACH repetitions per attempt for each CE level, See TS 36.211 [21].

	prach-ConfigIndex

Parameter: prach-ConfigurationIndex, see TS 36.211 [21, 5.7.1].

	prach-ConfigIndexHighSpeed
Parameter: prach-ConfigurationIndexHighSpeed, see TS 36.211 [21, 5.7.1]. If this field is present, the UE shall ignore prach-ConfigIndex.

	prach-FreqOffset

Parameter: prach-FrequencyOffset, see TS 36.211 [21, 5.7.1]. For TDD the value range is dependent on the value of prach-ConfigIndex.

	prach-FreqOffsetHighSpeed
Parameter: prach-FrequencyOffsetHighSpeed, see TS 36.211 [21, 5.7.1]. For TDD the value range is dependent on the value of prach-ConfigIndexHighSpeed. If this field is present, the UE shall ignore prach-FreqOffset.

	prach-HoppingConfig

Coverage level specific frequency hopping configuration for PRACH. 

	prach-HoppingOffset

Parameter: PRACH frequency hopping offset, expressed as a number of resource blocks, see TS 36.211 [21, 5.7.1]

	prach-ParametersListCE

Configures PRACH parameters for each CE level. The first entry in the list is the PRACH parameters of CE level 0, the second entry in the list is the PRACH parameters of CE level 1, and so on.

	prach-StartingSubframe

PRACH starting subframe periodicity, expressed in number of subframes available for preamble transmission (PRACH opportunities), see TS 36.211 [21]. Value sf2 corresponds to 2 subframes, sf4 corresponds to 4 subframes and so on. EUTRAN configures the PRACH starting subframe periodicity larger than or equal to the number of PRACH repetitions per attempt for each CE level (numRepetitionPerPreambleAttempt).

If the field is absent, the value is determined implicitly in TS 36.211 [21, 5.7.1].

	rootSequenceIndex

Parameter: RACH_ROOT_SEQUENCE, see TS 36.211 [21, 5.7.1].

	rootSequenceIndexHighSpeed

The field indicates starting logical root sequence index used to derive the 64 random access preambles based on restricted set type B in high speed scenario, see TS 36.211 [21, 5.7.2]. If this field is present, the UE shall generate random access preambles based on restricted set type B and ignore rootSequenceIndex.

	rsrp-ThresholdsPrachInfoList

The criterion for BL UEs and UEs in CE to select PRACH resource set. Up to 3 RSRP threshold values are signalled to determine the CE level for PRACH, see TS 36.213 [23]. The first element corresponds to RSRP threshold 1, the second element corresponds to RSRP threshold 2 and so on, see TS 36.321 [6]. The UE shall ignore this field if only one CE level, i.e. CE level 0, is configured in prach-ParametersListCE. The number of RSRP thresholds present in rsrp-ThresholdsPrachInfoList is equal to the number of CE levels configured in prach-ParametersListCE minus one.

	zeroCorrelationZoneConfig

Parameter: NCS configuration, see TS 36.211 [21, 5.7.2: table 5.7.2-2] for preamble format 0..3 and TS 36.211 [21, 5.7.2: table 5.7.2-3] for preamble format 4.

	zeroCorrelationZoneConfigHighSpeed

The field indicates NCS configuration for the restricted set type B in high speed scenario, see TS 36.211 [21, 5.7.2]. If this field is present, the UE shall generate random access preambles based on restricted set type B and ignore zeroCorrelationZoneConfig.


	Conditional presence
	Explanation

	MP
	The field is mandatory present.
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B) Alternative partitioning
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