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1 Introduction
This document is the outcome of an email discussion on how to address the padding issue in Msg3 for early data transmission, a topic which was briefly discussed during RAN2#100.

The following agreements regarding preamble and PRACH resource partitioning/configuration and indication of Msg3 data sizes were made in RAN2#100: 

	Agreements
- The UE initiates EDT in Msg1 when the size of Msg3 including the user data, which UE intends to transmit, is equal or smaller than the maximum possible TBS size for Msg3 broadcast per CE.
- PRACH partitioning for EDT indication is configured per enhanced coverage level.
- Working assumption: Support for segmentation for this case is not prioritized.

- Working assumption: PRACH resource partitioning is not supported to indicate the intended data size other than legacy or maximum TBS broadcast per CE.

- FFS how to adress the padding issue in Msg3.

- UE category is not indicated in Msg1.

- For EDT indication, PRACH resources can be configured as in legacy eMTC or NB-IoT with respect to physical layer resources, preambles/subcarriers.
- PRACH resource pool, i.e. physical layer resources, preambles/subcarriers, for EDT indication is separate from PRACH resource pool for legacy RACH procedure.




To address concerns regarding Msg3 transmission and possible need to include relatively large amount of padding in the case the UL data size is very small, we agreed to progress the discussion until the next meeting in an email discussion: 
	[100#38][MTC Rel-15] padding issue in Msg3 [Ericsson]


On how to address the padding issue in Msg3

Intended outcome: Report to next meeting


Deadline:  Thursday 2018-02-08




Additionally, RAN1 provided a LS reply to earlier RAN2 LS during RAN2#100 meeting [1]. In the reply, RAN1 asks the following questions, which are relevant to the discussion of Msg3 grants (and thus to this email discussion):
	RAN1 respectfully ask RAN2:

1. To inform RAN1 how many TBS values are needed for early data transmission for each of NB-IoT and eMTC.

2. To provide feedback on the above mentioned alternatives for the number of MCS/TBS/RU states for NB-IoT.

3. To inform RAN1 whether one reserved bit in MAC RAR can be used for the EDT feature for eMTC.


As the discussion on this topic has been relatively short so far both during the meetings and in contributions, the sourcing company proposes two-phase discussion where in the first phase the companies are invited to provide their views on the issue and possible solution alternatives, and where in the second phase further discussion on details and possible down-selection of solutions will be done.
Proposed deadlines for the phases:
· First phase deadline Wednesday 2018-01-31
· Second phase deadline Thursday 2018-02-08
2 Background: Padding issue in Msg3
Padding is done at the MAC sub-layer in the process of (re)building MAC PDU for Msg3, this section provides some background description on how UE’s MAC sub-layer (re)builds Msg3 PDU according to corresponding UL grant(s) the UE has received. This aims to facilitate the discussion of the padding issue in Msg3 in EDT as well as possible solutions.
Currently, as specified in TS 36.321 Sections 5.1 and 5.4 [2], the UE is provided with an UL grant in Msg2, i.e., RAR message to transmit Msg3. The MAC sub-layer builds Msg3 PDU based on data from CCCH logical channel submitted by the RLC sub-layer and then stores it in the Msg3 buffer. The MAC entity obtains the PDU from Msg3 buffer and instructs the PHY layer to generate a transmission of Msg3 according to the received UL grant. Once the UE transmits Msg3, it starts mac-ContentionResolutionTimer and monitors the (N)PDCCH for receiving either Msg4 or a UL grant for Msg3 retransmission. In case the contention resolution in Msg4 is considered unsuccessful, the UE restarts the RA procedure. Note that in the subsequent RA attempts, the UE obtains the Msg3 PDU from Msg3 buffer for transmission rather than building a new one. In case of Msg3 retransmission the eNB sends the UE a new UL grant via (N)PDCCH rather than a Msg4 (before the mac-ContentionResolutionTimer expires), the UE also obtains the PDU from Msg3 buffer for retransmission using the newly provided UL grant.
In EDT, Msg3 MAC PDU may be larger or smaller than the provided UL grant. For example, when the UE receives the UL grant in Msg2 and realizes that the provided grant is not sufficient to accommodate the potential Msg3 PDU (i.e., including UL data). In this case, one possibility for UE is to fallback to transmitting legacy Msg3. However, the UL grant may be larger compared to legacy Msg3 size, resulting in unnecessary waste of resources due to padding bits. At the other extreme, UL resources may be wasted when the UL grant is larger than needed to accommodate all pending UL data. In addition, a similar situation can also happen when the UE receives a smaller or larger UL grant to (re)transmit the Msg3 PDU already stored in Msg3 buffer. This padding issue happen to some extent in both CP and UP EDT solutions.
Issue 1: UE is allocated with e.g. 1000-bit grant for Msg3 transmission, but the actual data size is relatively much smaller, for example only 100 bits.
Result: the payload of 100 bits + possible headers would be padded up to 1000 bits, potentially resulting in longer transmission time (thus higher power consumption, latency) and higher system resource consumption compared to what would be needed if the provided grant would be for smaller TBS. These issues are emphasized in deep coverage due to number of repetitions required. 

It is worth noting that especially uplink TX time considerably affects the UE power consumption. 
Issue 2: UE is allocated with an UL grant larger than legacy one but not sufficient to accommodate the actual data size and the UE does a fallback to legacy Msg3.

Using a larger than required UL grant for legacy Msg3, padding is needed in Msg3 MAC PDU, resulting in higher power consumption (+ latency) and system resource consumption compared to what would be needed if 
· a smaller UL grant is provided, 
· or UE not doing a fallback to legacy Msg3, for example, by using segmentation.
3 Questions and discussion
The padding issue was briefly discussed during RAN2#100, and given the limited amount of discussion so far, in the first questions companies are asked to provide their view on the padding issue and if there are additional concerns in addition to what is presented above. 
3.1 Padding issue

The padding issue can be understood to occur when the provided EDT grant is large compared to the data size to be transmitted, e.g. 1000-bit UL grant is given, but at most few hundred bits is to be transmitted from Msg3 buffer. Alternatively, similar situation may occur when the UL data does not fit in the provided grant and the UE transmits legacy Msg3, as explained in Section 2. 
Question 1: Possible causes for padding issue are discussed in Section 2, are there some additional concerns which should be considered?
	Company
	Comments

	Ericsson
	-

	Kyocera
	No. We agree with the rapporteur’s analysis. 

	Huawei
	To our understanding, there are 2 padding cases:

· Case 1: UL grant > UL data

In this case, even there are padding bits in Msg3, the benefit of EDT still exists compared to legacy procedure because the following signalling are saved:

· RRC configuration in Msg4 (about 200 bits)
· Msg5

· RRC release

· RLC ACK for MSG5 and RRCConnectionRelease

· Physical layer feedback and PDCCH monitoring for above messages.

We are open to discuss solution for padding issue for case 1.

· Case 2: legacy grant < UL grant < UL data. Some padding bits in Msg3 and the EDT procedure fails. The UE will transmit legacy Msg3.

In this case, at least for CP solution, padding bits transmission only causes power consumption and network resource wasting so this case shall not be allowed.

	Qualcomm
	We see issue 1 and 2 are the same and have the same negative impact, that is grant size is much larger than UE could use, leading to increased power consumption. In this case the term much larger means a smaller TBS would have been sufficient, for both issues 1 and 2. To clarify for issue 2, that would mean that a smaller TBS just enough for legacy msg3 would have been sufficient.

	Sierra Wireless
	The first case is the main one to consider for EDT. We can also look at the second case which would be helped by a clear decision threshold for the UE for requesting EDT vs. Legacy PRACH.

	Intel
	No

	LG
	NO.

	Mediatek
	Agree. However, the first case seems more tricky. The second case would reasonably be resolved by the eNB broadcasting TBS information such that a UE can decide to not use EDT if the second case occurs.

	Nokia
	No. We agree with the rapporteur’s analysis.

	Veolia
	Only the first case is really to consider – the second case should not be allowed.

The whole purpose of EDT is to save power consumption by having less overhead.

This applies to use cases where there is a small data to be sent in a quite regular way over a long period of time (several years - typically metering) – in this case the UE will always try to use EDT – if grant is sufficient, it will use it – if not it will use legacy.

There is no real point to try using EDT time to time – no benefits – no real power savings, 

So usage of EDT that is out of the intended use of EDT should not restrict/limit the main case.

	GTO
	Agreed with Veolia here. The main point of introducing EDT is to save the power and not to increase complexity. We should focus on main benefit of power saving instead of working a way around the legacy RACH procedure. If there is small data to be sent and UE can send that in provided grant, it should then use EDT otherwise it should use the legacy RACH procedure.

	ZTE
	No. We also agree with Ericsson’s analysis.


Question 2: Are there differences between CP solution and UP solution related to the padding issue? Please give details if differences are found. 
	Company
	Comments

	Ericsson
	The fundamental issue is the same – eNB cannot know in advance the size of data in UE buffer. For UP solution, issue 2 above (when grant is smaller than data in buffer) can be mitigated by using segmentation. 

	Kyocera
	We don’t see any significant difference so far, except that it’s still FFS in UP solution whether to support segmentation. 

	Huawei
	The only difference we found is segmentation. If segmentation for UP solution EDT is supported, our analysis for Question 1 may be a bit different.
But the current agreement is that segmentation for UP solution EDT is not prioritized. We do not think segmentation for UP solution should be supported for the following two reasons:

· In our understanding, the main benefit of EDT is reducing UE power consumption. If fallback happens, even part of data are transmitted in Msg3, we cannot see any benefit in reducing UE power consumption. Only complexity is added.

· The eNB cannot differentiate CP solution and UP solution before receiving Msg3. Thus, supporting segmentation for UP solution may increase the possibility, for the eNB, of providing a smaller UL grant in RAR, which means fallback possibility of CP solution UEs will increase. As our comment for Question 1, we think this will decrease the benefit of EDT significantly.

Thus, we think the discussion about padding issue should not be based on the support of segmentation for the UP solution.

	Qualcomm
	The main aim of EDT is to send data in one TBS on the uplink, get a response from the eNB on the downlink and return to idle. Segmentation and reassembly requires sequence numbering and it also requires acknowledgements in the opposite direction. For CP such an approach is not possible but for UP this could be possible given that UE resumes RLC before it sends Msg 3. What identity would be used over the radio interface e.g. the first acknowledgement from eNB would complete contention resolution and then what identity will be used for subsequent segment(s) and the corresponding acknowledgements? If it is C-RNTI then how is this EDT for UP different from normal resumption?

	Sierra Wireless
	Ideally, we find a solution that covers both.

	Intel
	We also think any solution to padding issue in CP is applicable to UP as well.

	LG
	We think that there is no difference for issue 1. However, for issue 2, as UP solution utilize DTCH, segmentation can be performed for UP solution. 

	Mediatek
	Possibly segmentation could be used for UP, however, in any case a solution for CP is required, and the benefits of EDT is less if transmission of multiple TB’s is required, so we also think that a solution avoiding padding should cover both CP and UP. 

	Nokia
	We don’t see difference for CP and UP solutions. For issue 2, we prefer to fallback to legacy Msg3 even for UP solution as we don’t see much benefit of segmentation.

	Veolia
	We should seek a solution covering both technologies.

Agree with the views that segmentation should not be considered – if the grant is smaller than data then EDT should not have been used

	GTO
	We need a solution to cover both Technologies. Segmentation should not be considered at all. EDT should be simple as, if data fits the grant transmit using EDT otherwise not. No power saving otherwise.

	ZTE
	We agree with Ericsson and LG. 

We don’t quite agree Huawei’s comment that supporting segmentation for UP solution may increase the possibility of providing a smaller UL grant in RAR. We think the eNB still allocates grant based on UE’s request (e.g., whether EDT is required and what is the possible data size according to the Msg1) and eNB’s available resource, just similar as the legacy system. 


Question 3: Is the issue similar for both NB-IoT and LTE-M? Please elaborate on the possible differences.

	Company
	Comments

	Ericsson
	The fundamental issue is the same.

	Kyocera
	The two issues are generally common for NB-IoT and eMTC, but we think the motivation to support EDT is slightly different between these WIDs, i.e., the primary gains are expected in the power consumption for NB-IoT and in the latency for eMTC respectively. 

	Huawei
	The only difference is that the UL grant in RAR can already provide different TBS for Msg3 in MTC.

	Qualcomm
	Same issue for both NB-IoT and LTE-M.

	Sierra Wireless
	Same issue for both. An advantage for both is UE power saving. 

	Intel
	Same

	LG
	Same issue for both. 

	Mediatek
	The issue could be regarded similar. For these WIs we believe the motivation is power consumption. It seems FFS whether for LTE/MTC the EDT solution would be applied also to address also latency. There could be some detailed differences in solutions, RAR is different, PRACH resources are organized somewhat differently, NB-IoT is exclusively delay tolerant traffic, the possibility to pool PRACH resources in time domain may be different.

	Nokia
	Same issue for both.

	Veolia
	Same

	GTo
	Same issue for both technologies. 

	ZTE
	Same.


RAN2 has agreed to provide maximum possible TBS that can be used for EDT in broadcast SI. However, RAN2 has not concluded what TB sizes are expected to be used for EDT. The companies are asked to provide their views on possible payload sizes and associated protocol overheads for EDT. This discussion is also related to the possible range of TB sizes to be indicated in uplink grant for Msg3 (cf RAN1 LS [1]).
Question 4: What would be the possible minimum TBS to be used for EDT, considering the data payload, and possible overhead from higher layer protocols (i.e. protocols used for IoT-type traffic, e.g. UDP/IP/CoAP or MQTT, or some other protocols)? Please elaborate on the assumed protocol stack. 
	Company
	Comments

	Ericsson
	The overhead from 3GPP radio protocol stack is 16 bytes for UP solution, assuming the following:

· 3 MAC subheaders (2+2+1 bytes)

· CCCH SDU for RRCResumeRequest (resumeID, srMAC-I, resumeCause) 8 bytes

· DTCH SDU for data (RLC header, PDCP header, UL data) 3 bytes + data

For CP solution the overhead is assumed to be a few bytes more (20 bytes), mainly due to NAS overhead in dedicatedInfoNAS:
· 2 MAC subheaders (2+1 bytes)

· CCCH SDU: S-TMSI (5 bytes), est.cause (1 byte), dedicatedInfoNAS (11 bytes) + data

As an example, an IoT application could be using IPv6 + UPD + CoAP. Using RoHC, IPv6 + UDP headers could be compressed to as low as 3 bytes. IPv4 + UDP could be compressed in best case to just 1 byte. Assuming CoAP would be used on top, we add 6 bytes for a reasonable small CoAP packet (4 bytes headers, 2 bytes for resource URI). Thus, from transport and application protocols we would get 7 or 9 more overhead bytes.
Another typical IoT application protocol is MQTT. Running over IPv4 + TCP, the headers could be compressed to 3 bytes with RoHC. For an MQTT message, the header with a resource identifier would be at least 5 bytes, in practice probably more. Note that one needs to set state with MQTT before other communication, i.e., MQTT is not the best example for EDT. In any case, the overhead from using MQTT is higher compared to CoAP in these examples. 
For the minimum case, we could then assume 16+7=23 bytes for headers and Msg3 overhead. Adding 1 byte for small data this would total 24 bytes (192 bits) for TBS.

Regardless of the upper layer protocols, TBS smaller than 16 bytes (128 bits) is not viable due to AS protocol overhead.
Based on the above, using existing PUSCH TBS values as reference, a viable minimum could be e.g. 256 bits.

	Kyocera
	At this point, we actually don’t want to optimize EDT for specific use cases, and we assume at least additional 448 bits on top of the legacy UL grant size.  We assume some typical MTC/IoT applications as follows; 

For eMTC, TS 22.368 mentions that “Note 2: observed size of many of the instances of data exchanges is on the order of 1K (1024) octets” as small data. 

For NB-IoT, TR 23.720 assumes that 20 bytes ~ 200 bytes as the UL traffic model for Mobile Autonomous Reporting (MAR) periodic reports. 
Protocol overheads, i.e., higher layers and AS layers, are assumed as 36 bytes. 

	Huawei
	We assume UDP/IP as the baseline for the transport layer protocols in the analysis of the minimum TBS for EDT. In the following table, we take NB-IoT as an example to calculate the overhead in EDT for CP solution and UP solution. In MTC, the overhead is a bit different with NB-IoT, but the result should be in the same range.

Cost
CP solution
UP solution
UDP/IP
64 bits UDP header
320 bits IP header with ROHC

(32 bits IP header w/o ROHC)
64 bits UDP header
320 bits IP header with ROHC

(32 bits IP header w/o ROHC)
NAS
24 bits CP service request header
24 bits ESM message container header
24 bits ESM data transport header
16 bits data length
8 bits RAI
48 bits security header
0
PDCP
0
8 bits (DRB)
RRC

40 bits S-TMSI

3 bits Cause
4 bits RRC header

8 bits data length
40 bits Resume ID

32 bits MAC-I (Note)
3 bits Cause
5 bits RRC header
RLC
0
16 bits (DTCH)
MAC
8 bits (CCCH)

8 bits (CCCH)

8 bits (DTCH)

Total

591 bits w/oROHC

(303 bits with ROHC)
504 bits w/o ROHC

(216 bits with ROHC)
Note: SA3 has suggested to use the full MAC-I, i.e.32 bits. This has not been discussed in RAN2.
Since the eNB cannot differentiate CP solution and UP solution before receiving Msg3, the overhead should be estimated according to the larger value between CP solution and UP solution. Assume ROHC is used for IP header compression, we think the minimum TBS for EDT is 400 bits, i.e. including about 100 bits data for CP solution and about 200 bits data for UP solution.

	Qualcomm
	While we concur with the overheads associated with the different protocols but 1-byte of application data realistic? What kind of applications only generates 1 byte of data?

It is better to use the lowest payload size of 50 bytes used in GERAN TR 45.820. These 50byts includes Application data+CoAP+DTLS+UDP+IP. Adding 3GPP protocol overhead (16 bytes UDP and 20 bytes CP) leads to 66 bytes (UP) and 70 bytes (CP). Therefore, smallest payload should be 528bits (UP) and 560bits (CP).

Whilst it is desirable to have TBS grant that exactly match payload size but given this is not possible then it is better to have grant that is not smaller than required thus avoiding need for fall-back (or segmentation, if agreed). Fall-back will use more resources than reasonable amount of padding.

	Intel
	We also think that minimum payload size needs to be taken into account in addition to the overheads, for example, MAR traffic (with packet size = application layer payload + COAP+DTLS+UDP+IP header overhead) of 50 Bytes plus max 3GPP protocol header.

	LG
	We think that 600bits should be the minimum in order to avoid unnecessary fallback. We don’t think RoHC is used because EDT assumed that the data is transmitted only once in which case IR (i.e., full header packet) packet should be transmitted. Thus, there is no gain to apply RoHC for EDT.

	MediaTek
	Minimum EDT TBS size include overhead for UP or CP and minimum data for typical IoT applications. A minimum EDT TBS size of 256 bits could be a reasonable assumption. However, it may be appropriate that the range of the TBS size IE can also support non-typical cases, e.g. for non-IP-transport. 

	Nokia
	We share Qualcomm’s and Intel’s opinions of considering lowest realistic payload size of 50 bytes, plus maximum protocol header (20 bytes).

	Veolia
	Typical payload in one current non 3GPP LPWAN technology is 12 bytes (96 bits without headers, checksum…) – Application using this technology may not want to change their development when using 3GPP technologies (at least at the beginning) and we should consider the fact that many UEs will send payload of this size. If the minimum TBS is much higher then there will be padding (same in legacy?).

	ZTE
	Too small TBS may increase the possibility of fallback or segmentation. Too large TBS may result in increased padding. Based on the above information from other companies, we think a minimum EDT TBS size of 256 or 400 bits could be reasonable assumption.


Question 5: Beyond minimum and the maximum TBS broadcasted in system information, what other TB sizes should be used (or usable) for EDT and how many TBS values are needed (for each NB-IoT and LTE-M, see the LS from RAN1 [1])? 

	Company
	Comments

	Ericsson
	If RAN2 adopts a mechanism based on providing multiple options to the UE in the UL grant to choose from, the number of TB sizes that can be granted depends on whether contents of the UL grant in RAR message are redefined or, e.g., 5 spare codepoints indicated by RAN1 are utilized (for NB-IoT). The lowest value should be higher than the minimum (cf. Q4), e.g. 256 bits. 

We think there should be at least three steps for signalled TB sizes. For example, if viable absolute minimum is 256 bits, and signalled maximum for the CE level is 1000 bits, then one candidate set for TB sizes could be (424, 778, 1000) bits. 

We assume that (subset of) legacy values in (N)PUSCH TBS tables can be used. Note that for EDT the UL grant bits can be redefined, depending on confirmation from RAN1, as eNB would know whether a UE intends to use EDT based on Msg1. (Please see our reply to Question 7 for more details).


	Kyocera
	We think some generic values should be considered, e.g., 160 bits granularity based on the 20bytes in TR 23.720, rather than one or more specific TBS values. 

	Huawei
	We think, if it is feasible from RAN1 point of view, as many as possible TBS values to provide higher scheduling flexibility to the eNB.

We assume in the legacy values in (N)PUSCH TBS table for unicast, all TBS which are larger than 400 bits can be considered.

	Qualcomm
	Allocating multiple TBSes to choose from for a single UE in a single grant would lead to wasted radio resources (with the example values provided by E///, between 55 – 80% of the uplink radio resources are wasted). This we see as a trade-off between UE power consumption and radio resource usage.

	Sierra Wireless
	Prefer to minimize different size requests and UL grants by allowing optional smaller TBSes less than and up to the granted maximum. The advantage is that UEs can save power. Acknowledge that the trade-off is that not all of a grant may be used. Also that the eNB has to blind decode.

	Intel
	The number of TBSs depends on Question 6 how the TBS table is designed. For NB-IoT, max and min TBS values could be considered.

	LG
	We think that one more grant size (e.g., 600bits) should be used in addition to maximum TBS size (i.e., 1000bits) to mitigate padding issue.

	MediaTek
	There is at least an EDT RACH resource pool and a single TBS for this resource pool, such that the UE can select to use EDT only if its required TBS <= broadcasted TBS. We assume that RACH and EDT configuration is per coverage level. 

By grant with flexibility in the RAR, at least 3 values of EDT TBS sizes can be supported [TBS1, TBS2, TBS3]. The EDT TBS size candidate set and number of RUs can be indicated by using up to 5 spare codepoints in MCS index table in RAR (for NB-IoT). Depending on chosen solution, TBS and other Resource information may need to be broadcasted, such that the UE can correctly interpret the Grant in RAR. 

It is preferable if more values of TBS sizes can be supported to avoid excessive padding with inefficient resource utilization and higher power consumption in the device. A set of up to 15 EDT TBS sizes can be supported assuming also RACH resource pooling is used to indicate required TBS. In this case, One TBS per RACH sub-pool could be broadcasted and the UE could use the pool if its required TBS <= broadcasted TBS for the pool. 

	Nokia
	This may depend on solutions. If Msg1 cannot indicate the exact payload size, then for EDT, eNB may always have to allocate the maximum TBS in Msg2.

	Veolia
	Let’s take the problem the other way and consider the usage of current LPWAN protocols and what application/use cases have already been developed.

Below are the current usages/payloads in IoT inherent to current technologies (without meta data (ID, …), checksums…):

· 12 bytes (96 bits)

· 30 bytes (240 bits)

· 50-55 bytes (400-440 bits)

· 100 bytes (800 bits)
· 242-255 bytes (1936-2040 bits)

The TBS possible need to be considered taking into account these values (especially the values underlined) to avoid as much possible padding.

	ZTE
	Agree with Ericsson and Huawei that (subset of) legacy values in (N)PUSCH TBS tables larger than the minimum EDT TBS size can be considered, or with a little redefinition for EDT.


3.2 Solutions

In questions 6 and 7 the companies are invited to provide solutions to the issues discussed above.

Question 6: In case companies prefer more than one possible TBS value (in response to Question 5 above), please detail how the TB sizes would be signalled and how the selection of the value(s) would be determined (Please also see Question 7 for overall solution):

	Company
	Comments

	Ericsson
	Uplink grant with multiple TBS values can be signalled to the UE, which indicates intention for EDT in Msg1. The format of the UL grant can be similar to the legacy format in LTE-M or NB-IoT. Multiple TBS values along with a combination of UL grant information, such as RUs, PRBs, number of repetitions, can be provided, so that the UE chooses the one with the appropriate TBS based on the size of the data in the buffer. Multiple TB sizes can be provided with a combination of various time and/or frequency resources, e.g. 
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Please see our reply to Q7 for more details.

	Kyocera
	We assume the intention of Question 6 is for the eNB to determine the TBS size appropriate for the UE’s Msg3 transmission.  Currently we believe the only feedback from the UE for NW implementation is by way of Msg1 transmission. One possibility would be to reconsider the working assumption made in the last meeting, i.e., “Working assumption: PRACH resource partitioning is not supported to indicate the intended data size other than legacy or maximum TBS broadcast per CE.”, but we could also consider alternate solutions. So we think the following solutions could be considered; 

1. Additional PRACH resource partitioning

2. Multiple PRACH transmissions (proposal 3 in R2-1713503)

3. Implicit allocation, e.g., multiple common UL resource pools for Msg3 transmission that are associated with multiple “maximum TBS broadcast per CE”. 


	Huawei
	For NB-IoT, we prefer that the TBS for Msg3 equals to the TBS broadcasted in system information. The MCS and RU are indicated by the eNB dynamically.
For MTC, TBS/MCS are indicated by the current UL grant and 1 additional reserved bit in RAR.

	Qualcomm
	Another way to optimise both UE power consumption and radio resource usage is to use different PRACH for different payload size. Whilst this leads to PRACH segmentation but it is more efficient than blindly allocating multiple TBSes to UE.

	Sierra Wireless
	Prefer fewer PRACH partitions for different UL grant requests. Prefer allowing multiple response sizes within UL grant size.

	Intel
	New TBS table indicated by the reserved bit set in the RAR can be used. For NB-IoT, 5-reserved index (IMCS 011 to 111) can also be used (for example, 3 indices for max-TBS/MCS/RU as in legacy and 2 indices for min-TBS/MCS/RU) for each CE level. The selection of value depends on question 7 how to resolve the padding issue.

	LG
	PRACH resource partitioning can be used to request TBS size for Msg3.

	MediaTek
	We support both using flexible grant in RAR and indication of required TBS by RACH resource selection.

Assuming there is no EDT TBS size indication in Msg1, 3 values of EDT TBS sizes can be supported [TBS1, TBS2, TBS3]. The smallest and maximum TBS size can be indicated with 1 or 2 different number of RUs as needed to ensure NPUSCH reliability. The EDT TBS size candidate set and number of RUs can be indicated by using up to 5 spare codepoints in MCS index table in RAR. 

Assuming there is EDT TBS size indication on Msg1 and further assuming blind detection of NPUSCH transmission based on multiple UL grant, a larger set with up to 15 EDT TBS sizes can be supported using up to 5 spare codepoints in MCS index table in RAR. Another advantage is that more flexibility in allocation number of RUs can also be possible.

	Nokia
	We also see an alternative that TBS size for Msg3 can be indicated in Msg1, e.g. via PRACH partitioning or leave it to RAN1 to design.

	Veolia
	Solutions possible: 

· If different TBS are possible - Use PRACH preamble (msg1) to indicate either the TBS “class” required (For example, EDT1 corresponding to less than 100 bits, … EDT3 corresponding to more than 500 bits and less than 1000 bits …) or the size of the Payload expected if the TBS size can be dynamic.

· Multiple grant allowed in the Msg 2 and the UE selects the grant fitting its needs

	ZTE
	We prefer to use (N)PRACH resource partitioning for requesting grant for Msg3 more accurately. A single grant with multiple TBS values in RAR may be also feasible and can be considered. But we think choosing only one from these two options is enough.


Question 7: Please list possible method(s) or mechanism(s) on how to handle the padding issue in Msg3? Please consider possible differences between NB-IoT and LTE-M and between CP solution and UP solution, if any. 
	Company
	Comments

	Ericsson
	Please see the list below for some of the mechanisms that can address the padding issues:
1.  (N)PRACH resources can be fragmented further, so that preambles or subcarriers are used to indicate the size of the data in the UE buffer. The eNB can then provide an appropriate TB size accordingly in the UL grant in RAR message. This option was discussed in previous meetings, but there was not much support and hence the working assumption: ”PRACH resource partitioning is not supported to indicate the intended data size other than legacy or maximum TBS broadcast per CE.”
2. For UP solution, issue 2 described in section 2, can be addressed if segmentation is used. Data can be partially transmitted early in Msg3 to avoid transmission of padding bits instead that need to be added due to fall back to legacy. This can reduce the UE power consumption.
3. Resource allocation with multiple options in the UL grants can be provided in Msg2, so that the UE can select from a number of possible TBSs, and other parameters such as RUs, PRBs, number of repetitions etc. The eNB uses blind decoding.
UE informs eNB about its intention for EDT using (N)PRACH resources configured for EDT. Based on the configuration and the received preamble or the used subcarrier, the eNB would be aware of such intention. Thus, it is possible to update the contents of MAC RAR for EDT, i.e. no need for it to be backwards compatible. The UL grant in RAR can be redesigned partially to introduce the possibility to allocate resources with multiple options. 
For NB-IoT, the MCS index in the UL grant in RAR message can be used so that each code point indicated by 5-bits corresponds to a separate option with, e.g., a different combination of TB sizes, and/or number of RUs. 

For eMTC, some of the legacy DCI parameters for CE Mode A and CE Mode B can be redefined, so that the eNB can signal multiple options with a combination of different TB sizes, PRBs, number of repetitions etc. For example, the existing MCS and TBS field together with number of PUSCH repetitions is 5-bits in total, and these 5-bits could be used to indicate combinations of TB sizes and repetitions. 
If multiple TBS are signalled, and the UE chooses one of the TBs with a lower size (and number of RUs, repetitions etc.), the eNB may allocate the unused time and/or frequency resources for other purposes if decoding is completed successfully in advance. 

	Kyocera
	We think the following solutions could be on the table; 

1. Data size reporting over Msg1 (same with No.1/2 in Question 6); 

2. UL grant with acceptable massage sizes (proposed in R2-1713862); 
3. Dual UL grants (or TBS sizes) (proposed in R2-1713054); 
4. Segmentation support (only for UP solution); 
5. Repetition of MAC SDUs or PDUs in the padding region; 
6. Implicit allocation (same with No.3 in Question 6) 


	Huawei
	For the case in which UL grant > UL data, there are two possible solutions:

· Additional (N)PRACH partitioning to provide more granularity in the indication of the data size in the UE.
· Allowing the UE to choose a smaller TBS which can fit the UL data according to the UL grant.

	Qualcomm
	If new TBSes needs to be defined for EDT then it may not be possible to reuse the ‘spare’ DCI states to signal both new TBSes and combinations.

Alternatively, using multiple grants within one MAC block would require multiple RAR in one downlink TBS (6/7 octets each for eMTC/NB-IoT) thus downlink receptions could be longer.

(N)PRACH can be used to signal desired TBS from the set supported by the network for EDT. This approach is much more optimal than eNB signalling multiple TBSes in RAR and it leaves the ‘spare’ DCI states for additional TBSes.

	Sierra Wireless
	Prefer UL grant with acceptable sizes (R2-1713862)

	Intel
	The suggested solutions above can be further discussed.

	LG
	PRACH resource partitioning to request TBS size for Msg3 can be used for both CP and UP solutions in order to resolve padding issue.

Unlike CP solution, as UP solution utilize DTCH, segmentation can be performed to resolve padding issue.

	MediaTek
	See also reply to previous question. We have mainly evaluated solution(s) for NB-IoT. 

To avoid higher power consumption due to excessive padding, NPRACH resource fragmentation to indicate approximately the size of data in the UE buffer and blind detection of NPUSCH transmission based on multiple UL grant in RAR is preferred.

i.e. we support both using flexible grant in RAR and indication of required TBS by RACH resource selection. 

	Nokia
	Indicating requested TBS size in Msg1 can be used for both CP and UP solutions. Agree that above listed solutions can be further discussed.

	Veolia
	See reply to previous question

But segmentation should not be a solution – it defies the whole purpose of EDT

	ZTE
	We suggest to discuss the following solution combinations:

1. Additional (N)PRACH resource partitioning + segmentation for UP solution

2. Blind detection in eNB for the multiple TBS options in a single UL grant + segmentation for UP solution


Question 8 (for first phase): Please indicate any further topics or discussion points RAN2 should consider regarding the padding issue for Msg3 not addressed by the presented questions:

	Company
	Other topics

	Qualcomm
	Aim to keep the EDT procedures for CP and UP aligned to reduce implementation complexity.
Keep the EDT feature simple in Release 15 to allow for speedy implementation; avoid adding complexity whose gains are not clear.

	Sierra Wireless
	Suggest that UL grant could additionally allow Sub-PRB EDT in Msg. 3. The eNB might need to indicate its capability to receive this in, for example, an SI bit. An UL grant could permit sub-PRB as one acceptable response using less than the whole PRB but within the maximum allocation associated with the UL grant. The actual tone(s) used could be pre-configured rather than signalled.

	Veolia
	Fully agree with Qualcomm view

	GTO
	Agree with Qualcomm here. 


3.3 Second phase
The following solutions for the padding issue were presented above:

1. (N)PRACH partitioning where UE indicates the intended data size / TBS for EDT Msg3 using Msg1.
2. The network provides multiple transport block sizes along with a combination of UL grant information, e.g. RUs, PRBs, number of repetitions, in RAR message for the UE to select from considering the intended data transmission in Msg3

3. The network provides dual (or more) grants for Msg3 transmission.

4. Combination of expressing data size with Msg1 and flexible grant in RAR.

5. Repetition of MAC SDUs or PDUs in padding region (the details of this solution are not clear, it would be good to elaborate for better understanding) 

6. Implicit allocation, e.g., multiple common UL resource pools for Msg3 transmission that are associated with multiple “maximum TBS broadcast per CE” (the details of this solution are not clear, it would be good to elaborate for better understanding).

7. For UP only: segmentation to avoid padding for legacy Msg3 transmission.
Some variants of the above solutions were presented in replies during the first phase, thus the companies are encouraged to provide further details which exact alternative they mean or prefer in the replies to following questions, if needed. 
Question 9: What are the pros and cons of the presented solutions (e.g. UE and system performance impacts, power consumption, resource usage impact, etc.)?
	Company
	Comments

	Ericsson
	1.  Pros: Possibility to signal data size already in Msg1. 

Cons: Requires further (N)PRACH resource partitioning or additional (N)PRACH resources in order to work. In either case, there is effect on the collision probability, which is increased if the EDT (N)PRACH resources are fragmented, or in system resource use if new (N)PRACH resources would be needed to be defined for this purpose. The latter can affect EDT UEs or also legacy non-MTC or non-NB-IoT UEs, if the resources are shared with “normal” UEs and LTE system. 

2.  Pros: UE can select smallest of provided TB sizes which fits the data. RAR message size is the same if the UL grant contents are redefined for this purpose, thus there is no increase in signalling overhead. If UE selects one of the smaller TB sizes, and eNB is able to decode the transmission in advance (compared to using largest signalled TBS), the eNB may re-allocate the unused resources for other purposes. 

Cons: eNB needs to do blind decoding and initially reserve resources for the largest signalled TBS. 
3.  Pros: UE can select the grant which best fits the data. Easier to recover the unused allocated resources with respect to the solution in option 2.

Cons: eNB needs to allocate multiple grants and corresponding resources. eNB needs to do blind decoding. More wasted resources with respect to the solution in option 2. 

4. This is combination of pros and cons of 1. and 2. or 1. and 3., depending on the details of such solution. Additional pro is that this solution provides most flexibility and possibly smallest amount of padding. Additional con is that combination results most complexity regarding implementation and specifications, even more than adding just the components’ complexities.
5.  We don’t understand the solution details to provide pros/cons at this point.

6.  We don’t understand the solution details to provide pros/cons at this point.

7.  Pros: UE does a fallback but the UE can transmit part of the data already in Msg3, thus utilizing the provided grant as efficiently as possible and reducing the UE power consumption. Otherwise padding is needed to fully utilize the grant resulting in poor spectral efficiency and increased power consumption.

Cons: This solution only addresses some cases – it is a complementary solution to previous options. 

	LG
	1. Pros: It is simple and can request exact size of needed UL grant for EDT data.   The least changes are expected.
Cons: If too much (N)PRACH resource partitioning is adopted, this needs a way to reduce collision probability.
2. Pros: This can reduce padding bits in Msg3.
Cons: We think that EDT UE needs completely different interpretation of UL grant field in RAR format. Resource utilization perspective, eNB always allocates MAX TBS to EDT UEs unnecessarily. We also wonder whether this solution is feasible or not. RAN2 may need to ask feasibility of this solution to RAN1 and RAN4.
3. Pros: This can reduce padding bits in Msg3.
Cons: Complex RAR format may be required and there may be impact on legacy UEs due to this new RAR format. All UEs including legacy and EDT UEs may monitor and receive longer RAR for multiple UL grant and RAR window may be increased. At the power saving point of view, we do not see benefits for power saving. 
4. We need more information to analyse Pros and Cons for this solution.

5. We need more information to analyse Pros and Cons for this solution.
6. We need more information to analyse Pros and Cons for this solution.
7. Pros: UE can use all allocated UL grant without any unnecessary padding. In addition, segmentation for DTCH is already allowed, so it is ready to use right now.
Cons: CP solution and UP solution may have different behaviour when using UL grant for Msg3.

	Qualcomm
	Solution 1:

Pros: (N)PUSCH resources not wasted.

Cons: Leads to (N)PRACH segmentation and potentially under-utilization of some (N)PRACH resources but this could be minimised through usage monitoring.

Solution 2 & 3: These look similar in that Msg1 signals EDT and Msg2 provides multiple (N)PUSCH resources from which UE selects 1 resource best suited for the available data.

Pros: (N)PRACH resources segmentation and underutilisation does not occur.

Cons: (N)PUSCH resources wasted

Solution 4:

Pros: Allows for operators to balance (N)PRACH underutilization and (N)PUSCH wastage.

Cons: Potentially both (N)PRACH and (N)PUSCH resources wasted and could make it difficult to optimise cell configuration.

Solution 5:

Pros: Allows for higher probability of eNB able to decode (N)PUSCH.

Cons: eNB required to blindly detect additional repetitions. What if the padding space not sufficient for a complete MAC SDU/PDU?

Solution 6: Need detail information for this solution to comment.

Solution 7:

Pros: Allows for operators to balance (N)PRACH underutilization and (N)PUSCH wastage.

Cons: Not clear how segmentation/reassembly would be achieved without doing everything that is done for normal RRC resumption. Still solution does not work if grant is much larger than data size. Substantial complexity for limited gain.

8. In general, there is likely to be some padding required with all solutions assuming there is limit on (N)PRACH segmentation and the number of grants possible in one RAR.

	Intel
	Solution 1: Additional resource partitioning has impact on the system performance.

Solution 2 and 3: Resource wastage issue is not resolved. In addition, it reduces the padding issue but cannot avoid it. Also, these would require change in legacy RAR contents or formats.

Solution 4: combination of solution 1 and 2 and added complexity.

Solution 5: No gain is seen for reduction of number of repetitions also eNB may not be aware exactly how many bits of MAC PDU will be repeated in the padding.

Solution 6: Seems variant of Solution 2 and 3 so it has similar cons.
Solution 7: Segmentation has nothing to do with padding if the grant is larger than the MAC PDU for UP. But it is helpful in case grant is not enough to transmit UL data and it falls back to legacy RRC connection.


	Kyocera
	Solution 1 could potentially align the UE’s intended data size with the eNB’s grant size. There is, however, the trade-off between the PRACH performance and the padding issue (i.e., due to more partitions for more precise resolution of the intended data size). 

Solution 2 would allow the flexibility for the UE to minimize the padding bits by aligning the intended data size with one of granted transport block sizes. The minimization of padding depends on number of/resolution of transport block sizes provided by the eNB. The resource should be reserved for the maximum transport block size, at least during the eNB is trying blind decoding. 

Solution 3 seems technically similar with Solution 2, in our understanding. 

Solution 4 is seen as a possible harmonized solution among Solution 1, 2 and 3. It may maximize deployment options. 

Solution 5 may affect RAN1 specification and be difficult to be evaluated without contribution. 

Solution 6 could be assumed as a kind of Sidelink mode-2/Type1 transmission. 

Solution 7 could take the advantage of the existing functionality with the suspended connection configuration. 

	Sierra Wireless
	Solution 1 Pro: UE requests what it needs, UE can be power efficient.

Con: More PRACH partitions with the loss of capacity issues. How many partitions are needed? EDT should be for small messages.

Solution 2: Pro: UE gets to choose what it needs, UE can be power efficient.

Con: Blind decoding complexity at eNB, Capacity wasted in multiple grants, Recovery of unused granted capacity may be incomplete and complicated to manage.

Solution 3. (seems like a subset of solution 2) Pro: UE can choose closest to what it needs. Less complex for the eNB.

Con: Possibly not quite as efficient for the UE. Better for the eNB, Still wasteful of resources.

Solution 4. Pro: Possibly fewer partitions than 1. Less wasted capacity

Con: Same problems as 1, 2, 3 in combination but not as bad in each category as the individual solutions.

Solution 5. Pro: ?.
Con: Wastes UE power and system capacity. If the UL grant matches the CE level repetition is unnecessary.
Solution 6. At its simplest this is a UL grant that can be used in full or in part. A simplification of solution 2. Actual TBS etc. values FFS. and can be signalled or predefined. Sub PRB UL could be an included option within the grant. Pro: UE saves power by using the smallest part of the grant that it can fill.

Con: Blind decoding needed at the eNB, Wasted capacity if the majority of UEs use only the small part of the grant.
Solution 7 Pro: Flexibility of message size.
Con: Need more information. There seems to be more than one proposal, going beyond a simple EDT concept to looking more like legacy.

	MediaTek
	Solution 1

Pros Indication of required TBS size or required TBS size range in Msg1 reduce padding for NPUSCH transmission and saves power consumption in UE.  

Cons Requires EDT NPRACH resource fragmentation. 

Solution 2

Pros UE can select TBS size that best fit its UL packet to save power consumption. If several TBS sizes provided in RAR with NPUSCH resources reserved by eNB, resource re-use may be possible if eNB can blindly decode transmission of PUSCH transmission in advance and re-allocate the unused NPUSCH resources. Solution for re-allocation of unused NPUSCH resources may be feasible assuming different NPUSCH transmission timing based on small number of possible TBS sizes.

Cons Higher power consumption in device assuming practical granularity of TBS size in RAR. eNB needs to do blind decoding and reserve NPUSCH resources in advance. 

Solution 3

Pros. UE can select TBS size that best fits UL packet with easier resource re-allocation compare to Solution 2.

Cons. Higher signalling overhead, Higher NPUSCH resource waste compare to solution 2, UE needs to detect several UL grants which increases power consumption, 

Solution 4

Pros combining solution 1 and 2 has potential to minimize padding with no increase in RAR signalling overhead for optimized NPUSCH resource utilization and UE power consumption.

Cons Combines the cons of solution 1 and 2, but may be done in a more flexible way  – i.e. lower EDT PRACH resource fragmentation, reduced eNB blind decoding, lower UE power consumption with overall higher TBS granularity / lower padding.

Solution 5. Clarifications needed 

Solution 6. Clarifications needed

Solution 7. 

Pros. Padding can be reduced assuming part of the data transmitted in Msg3, and part of data in Msg5.

Cons: Not clear on the power consumption gains, may only suits some cases

	Huawei
	Option 1.

Pros:
· Reduce padding and thus benefits power consumption and usage of network resources.

Cons:

· Further partitioning resulting in additional configuration complexity and waste of network capacity.

· SIB22-NB size (680bits). (one NPRACH resource: 12 to 43 bits) * no CEL * no carrier.

· Not very flexible. Only one additional level of granularity.

Option 2.

Pros:
· Reduce padding at the UE and thus benefits UE power consumption.
Cons:

· Blind decoding at the eNB is needed.
· Feasibility and definition of ‘fallback’ rules in RAN1.

Option 3.

Pros:
· Reduce padding at the UE and thus benefits UE power consumption.
Cons:

· Blind decoding at the eNB is needed.
· New RAR format and impact on the capacity of RAR PDU.
Option 4.

Pros:
· Combines the advantages of other options, possibly more optimized.

Cons:

· Combines the drawback of other options, more complex to implement and deploy.

Option 5

More details for this option are needed.
Option 6

More details for this option are needed.
Option 7. 
Pros:
· Saves UE power consumption of UP UEs in case issue 2 happens.
· Flexibility in the UL grant at the eNB. 
Cons:

· Against the whole idea of EDT. The gain in power consumption is questionable.
· Work only for the first MSG3 transmission, what happens after collision?

· Applicable to UP UEs only. Special handling for CP UEs needed to avoid negative impact.

	Veolia
	1. Alternative 1bis. Is there not a way to have the eNB configuring different preambles which can indicated different EDT classes (indicating a selected TBS type) in addition/combination to CE level? 
If it is possible then padding will be avoided or minimized.
2. The best approach for UE perspective

3. Same as 2

4. If we have 1 or 2/3 not sure a combination of both will provide more benefits for UE perspective

5. Need more detail

6. Need more detail

7. Not in favour of segmentation – it defies the purpose of EDT and we should avoid different solutions for the UP and CP.



Question 10: What is the expected specification impact if a mechanism to address the issue would be specified (considering to the solutions listed above)?
	Company
	Comments

	Ericsson
	For all solutions there is need to consider/specify how possible retransmissions of Msg3 would work (the details may differ depending on the solution). Likewise the TB sizes which may be used need to be specified.
For 1., need to specify how the (N)PRACH resources would be fragmented, how this is signalled and how many TBS options there would be.

For 2., need to redefine contents of the UL grant part in RAR, and tables of possible parameter combinations (TB sizes, RUs, repetitions), see e.g. our reply to Q7.

For 3., need to specify how multiple grants would be signalled and related changes in RAR message.

For 5-6., not enough details for answer at the moment

For 7., not much impact expected as RLC AM is already used for Msg3 transmission. Retransmission case needs to be considered, like for other solutions as well. 

	LG
	For 1, we expect that this solution has the least impact among given solutions. 
For 2 and 3, we expect that these two solutions have many impacts on RAN2 and RAN1 spec. 

For 4, 5, and 6, we need more information to answer this question. 

For 7, not much impact expected.

	Qualcomm
	Detailed specification impact depends on the selected solution but see impact to RRC and MAC specifications. But with segmentation there will be significantly more specification impact than required for (N)PRACH/(N)PUSCH resource selection.

	Intel
	All solutions have some level of impact on specification. Solution 2, 3, 4 have impact in defining new RAR contents or formats. Solution 5 may have huge impact to PHY layers design to achieve gain. Solution 7 has least impact (as it is already supported for DTCH) but works only when the UL grant is not sufficient for EDT.

	Kyocera
	We think it’s too early to evaluate exact impacts but assume SIB contents, PRACH resource selection and/or RAR may be impacted. Also, some solution may involve/rely on RAN1 specification. 

	Sierra Wireless
	1 is familiar and has been done before therefore relatively simple to specify
2, 3 and 4 need details worked out for requesting and indicating multiple grants.
6 requires definition of the overlapping grants based on anticipated message size. Will be more complicated if configurable, requiring signalling.

	MediaTek
	Msg 3 re-transmissions for solutions 1, 2, 3, 7 

Solution 1,  EDT NPRACH fragmentation and configuration, options for TBS sizes or TBS size range 

Solution 2, Re-interpretation of reserved / unused fields in RAR, options for TB sizes, RUs, repetitions, …

Solution 3, signalling for multiple UL grants, RAR contents

	Huawei
	The specification impacts depend on the selected option.
Option 1: definition of new partitions in RRC and handling in MAC 
Option 2: RAN2 and RAN1 impacts to define the TBS “fallback” rules or “fallback”  tables.

Option 3: RAN2 and RAN1 impacts to define signalling and usage of multiple grants and definition of a new RAR format.
Option 4, 5 and 6: More details are needed to consider the specification impacts.

Option 7: impact on RAN2 specification for the UP solution (e.g Msg3 retransmission) and (RAN1?) RAN2 specification for the CP solution (escape mechanism)

	Veolia
	Solution 1 (and 1 bis) seems to have less impact


Question 11: What is the preferred way to address the padding issue in Msg3, if any? Combinations of solutions are also possible (e.g. 7. can be considered as a partial solution) 
	Company
	Preference
	Comments

	Ericsson 
	2. (and 7.)
	We prefer solution where eNB would be able to signal multiple TB sizes (additionally: RUs, repetitions) in Msg2 so that UE is able to select the best signalled size. We think this would be the least complex solution without the drawbacks of further (N)PRACH fragmentation while providing possibility for low padding overhead and UE power consumption. 


Note that this solution does not require multiple UL grant transmissions, nor any increase in Msg2 size or the UL grant part of it. As the UE uses separate (N)PRACH resources to signal intention to use EDT, the UL grant part of RAR in Msg2 can be redefined without a need to consider backwards compatibility.

Additional fragmentation of (N)PRACH resources is not preferred for the same reasons we concluded during RAN2#100. 

As a complementary solution we prefer segmentation in UP solution.

	LG
	1 (and 7)
	We prefer solution 1 (PRACH resource partitioning). For UP solution, as segmentation is allowed, padding is no more issue.

	Qualcomm
	Live with padding
	Network can do statistical analysis of padding and adjust TBS size accordingly to maximise EDT benefit (i.e. minimal padding of Msg3 for high number of transactions). In any case, there is likely to be always some padding.

	Intel
	Live with padding
	We share similar view with QC. This issue is not new. Even in legacy today, padding issue exists for CE mode A and CE mode B.

	Kyocera
	Solution 1 or 4, and 7 (so far)
	We think Solution 1 is the simplest, while we see Solution 4 is a possible compromise.  We wonder if there is no technical reason to exclude Solution 7, regardless of other solutions adopted.  Solutions 5/6 should not be excluded without further evaluation as it may also be beneficial to address the padding issue. 

	Sierra Wireless
	6 
	Define limited options and a small maximum in 6. Interested to look at 2 and 7 in more detail.

	MediaTek
	1 and 2
	Combination of solutions 1 and 2 preferred to minimize padding for lower power consumption. Solution 2 is also preferred if Solution 1 cannot be supported, for example on anchor cell due to no PRACH resources available for R13 and R15 devices. 

	Huawei
	2 (if feasible) 

or 

live with padding
	We prefer option 2 from RAN2 point of view. The eNB provides a UL grant in RAR. The UE uses some pre-defined “fallback” rules to select smaller TBS which fits its UL data. 

Option 2 has RAN1 impacts and the feasibility needs to be confirmed by RAN1.
If option 2 is not feasible in Rel-15 timeframe, we are fine with living with padding in Rel-15.

	Veolia
	1/1 bis and 2 or 3 


	Solution 2 or 3 seems more optimal for UE perspective

1/1 bis could be alternative if too complex to do 2 or 3

7 should be avoided in our view – it defies the purpose of EDT and we should not have different solutions between UP and CP.


Question 12: Please indicate any further topics RAN2 should consider regarding the padding issue for Msg3 not addressed by the presented questions:
	Company
	Other topics

	Sierra Wireless
	Accommodating Sub-PRB

	
	


4 Summary

Question 1: Possible causes for padding issue are discussed in Section 2, are there some additional concerns which should be considered?

Summary: 12 companies replied to Q1. 
All companies agree at least case 1 is relevant when considering the padding issue. Majority of companies also agree on case 2, however, some companies think case 2 should not be allowed. 
Additionally, some comments were provided in Section 2 on the possibility of eNB providing different size grants for Msg3 retransmission(s). It is proposed to discuss such behaviour in order to have mutual understanding of what is possible according to the current specifications.
Proposal 1 Discuss the feasibility of eNB providing different size UL grant for Msg3 retransmission. 
Question 2: Are there differences between CP solution and UP solution related to the padding issue? Please give details if differences are found. 

Summary: 12 companies replied to Q2.
In general, the companies see the padding issue is same for both CP and UP solution, and a solution should cover both CP and UP solution. 
Possible segmentation in UP solution is brought up by several companies, where some companies think segmentation could be used to mitigate issue 2 and some companies argue segmentation should not be used at all. 
Question 3: Is the issue similar for both NB-IoT and LTE-M? Please elaborate on the possible differences.

Summary: 12 companies replied to Q3.
All companies think the issue is same or similar for both NB-IoT and LTE-M. 
Question 4: What would be the possible minimum TBS to be used for EDT, considering the data payload, and possible overhead from higher layer protocols (i.e. protocols used for IoT-type traffic, e.g. UDP/IP/CoAP or MQTT, or some other protocols)? Please elaborate on the assumed protocol stack. 

Summary: 10 companies replied to Q4.

The proposals for minimum TBS could be grouped into three different categories:

· Around 256 bits (2-3 companies)

· Around 400 bits (1-2 companies)

· Around 500-600 bits (5 companies)

· 12 bytes = 96 bits payload (1 company)

Different minimum payloads were brought up, ranging from 1 bytes up to 50 bytes, and the company answers roughly reflect the assumed payload. Payload in this context is either just application data or includes e.g. IP stack headers. 50 bytes option is used in TR 45.820, 12 bytes in a non-3GPP LPWAN technology and in one answer possibility for non-typical non-IP cases is brought up. 
2 companies include RoHC in their analysis, and one company says it would be not possible to use RoHC for EDT. Note that the 50 bytes payload in TR 45.820 assumes RoHC is used and the protocol stack is CoAP/DTSL/UDP/IP. 
It was also mentioned that smaller minimum grants may increase fallback probability, and larger minimum grants increase the amount of padding.  
Half of the companies think the smallest TBS could be less or equal than 400bits and half of the companies think it could be more than 400bits. Based on the answers, it seems a further discussion on the smallest viable payload should be held, taking also into account the possible contending LPWAN technologies. 

The following proposals should be discussed further:

Proposal 2 Protocol overhead (MAC/RLC/PDCP/RRC) for EDT is assumed to be 20 bytes for TBS evaluations. 
Proposal 3 Discuss further the possible minimum payload size and select a minimum TBS for EDT from (N)PUSCH tables based on the discussion. 

Proposal 4 Include the minimum TBS in a reply to RAN1 LS. 

Question 5: Beyond minimum and the maximum TBS broadcasted in system information, what other TB sizes should be used (or usable) for EDT and how many TBS values are needed (for each NB-IoT and LTE-M, see the LS from RAN1 [1])? 

Summary: 11 companies replied to Q5.

Three companies say that subset of existing (N)PUSCH TBS values could be used, e.g., depending on what is the minimum TBS and what is the exact solution and number of usable codepoints.  
One company gives examples of current IoT technologies where 12 bytes, 50-55 bytes and 100 bytes are considered to be the most important sizes.
The remaining answers propose different approaches depending on the adopted solution for the padding issue. 
Proposal 5 Usable TB sizes are chosen from the existing (N)PUSCH tables. The number of possible sizes are decided after discussion of the grant mechanism. 

Question 6: In case companies prefer more than one possible TBS value (in response to Question 5 above), please detail how the TB sizes would be signalled and how the selection of the value(s) would be determined (Please also see Question 7 for overall solution)
and

Question 7: Please list possible method(s) or mechanism(s) on how to handle the padding issue in Msg3? Please consider possible differences between NB-IoT and LTE-M and between CP solution and UP solution, if any. 
Summary: 11 companies replied to Q6 and Q7. 
The proposed solutions have differences in details and the general approaches are listed in the beginning of Section 3.3. 

Question 8 (for first phase): Please indicate any further topics or discussion points RAN2 should consider regarding the padding issue for Msg3 not addressed by the presented questions:

Summary: 4 companies replied to Q8.
3 companies want to keep solutions for UP and CP aligned to reduce implementation complexity. 

One company would additionally like to allow Sub-PRB allocation to be used for Msg3 in EDT.
Question 9: What are the pros and cons of the presented solutions (e.g. UE and system performance impacts, power consumption, resource usage impact, etc.)?

Summary: 9 companies replied to Q9. 
Short summary of mentioned pros/cons:

It is assumed all of the solutions reduces padding (and power consumption), thus this is not explicitly mentioned. 

For 1.: Pros: Possibility for UE to request certain size of grant or range, simpler compared to some other options. Cons: Further (N)PRACH partitioning, system capacity/PRACH performance loss.

For 2.: Pros: UE can choose size from the provided options, no (N)PRACH fragmentation. Cons: eNB blind decoding, resource reservation for largest TBS and possible waste, need to redefine UL grant in RAR, feasibility needs to be confirmed with RAN1/4  
For 3.: Seen similar to 2. Additional pros: UE can select from provided grants, less complex for eNB (easier resource reallocation). Additional cons: more wasted resource compared to 2, possible added complexity of RAR format and monitoring, UE needs to detect multiple grants. 
For 4.: Generally seen as combining pros and cons of previous solutions. Additionally, 4. could be best optimized for (N)PRACH and (N)PUSCH utilization and possibly least amount of padding and thus lowest UE power consumption. Additional cons are that it may be difficult to optimize, can result in waste in both (N)PRACH and (N)PUSCH resources and possible added complexity. 
For 5.: Many companies mention need for more details to evaluate. Pros: higher probability to decode (N)PUSCH, Cons: Possible effect in RAN1, blind detection of additional repetitions, padding size may be too short, power saving not clear.
For 6.: Many companies mention the need for more details to evaluate.
For 7.: (Note that this does not solve general padding issue) For UP only. Pros: UE saves power in fallback case, less wasted resources, DTCH can be segmented already. Cons: Only works in some cases (e.g. issue 2), different behaviour in UP and CP solution, added complexity, gains not clear.
Question 10: What is the expected specification impact if a mechanism to address the issue would be specified (considering to the solutions listed above)?

Summary: 9 companies replied to Q10.
Specification impact depends on the solution, where all of the solutions seem to have some impact at least in MAC and RRC specifications. RAN1 impact expected at least in solutions 2, 3 and 4 (UL grants / RAR)
Some companies think segmentation doesn’t have much impact and one company says it has more impact compared to other solutions. Some companies think solution 1. has the least impact. 
Msg3 re-transmissions are explicitly mentioned in three replies. 

Question 11: What is the preferred way to address the padding issue in Msg3, if any? Combinations of solutions are also possible (e.g. 7. can be considered as a partial solution) 

Summary: 9 companies replied to Q11.
Company answers are tabulated below. X denotes explicit preference and (X) alternatives or wish to look further into details. 
	Company    

Solution
	E///
	LG
	Qualcomm
	Intel
	Kyocera
	SW
	MediaTek
	Huawei
	Veolia

	1
	
	X
	
	
	X
	
	X
	
	(X)

	2
	X
	
	
	
	
	(X)
	X
	X
	X

	3
	
	
	
	
	
	
	
	
	X

	4
	
	
	
	
	X
	
	
	
	

	5
	
	
	
	
	(X)
	
	
	
	

	6
	
	
	
	
	(X)
	X
	
	
	

	7
	X
	X
	
	
	X
	(X)
	
	
	

	Live with padding
	
	
	X
	X
	
	
	
	X
	


6 companies are interested to look into solution based on flexible resource allocation (2./3./4./6.), where 2 companies want to combine this with (N)PRACH indication.
1 company is interested in (N)PRACH based solution only, 1 company as alternative to flexible allocation. 
2 companies propose to live with padding, with one additional company in case solution 2 is not found feasible.  

There is no clear majority on any of the proposed solutions, but majority of the companies seem to be interested to look further into solving the padding issue.
Proposals to be discussed further: 

Proposal 6 RAN2 intends to specify a mechanism to avoid the padding issue. 

Proposal 7 Ask feasibility of flexible resource allocation (e.g. solution 2./3./6.) from RAN1.

Proposal 8 Discuss further if Msg3 padding issue is addressed using flexible resource allocation, pending RAN1 confirmation, and/or (N)PRACH partitioning.
Segmentation (solution 7.) is a complementary solution and in general is an aspect we have earlier agreed to not prioritize. Thus, it is proposed to be discussed separately. 
Proposal 9 Segmentation support (solution 7.) is discussed separately based on further contributions.

Question 12: Please indicate any further topics RAN2 should consider regarding the padding issue for Msg3 not addressed by the presented questions

Summary: 1 company provided reply, proposing to accommodate sub-PRB allocation for Msg3. 
Proposal 10 Discuss sub-PRB allocation for Msg3 based on further contributions.

5 Conclusion

Based on the answers to questions in Section 3, and summary in Section 4, the rapporteur makes the following proposals:

Proposal 1
Discuss the feasibility of eNB providing different size UL grant for Msg3 retransmission.
Proposal 2
Protocol overhead (MAC/RLC/PDCP/RRC) for EDT is assumed to be 20 bytes for TBS evaluations.
Proposal 3
Discuss further the possible minimum payload size and select a minimum TBS for EDT from (N)PUSCH tables based on the discussion.
Proposal 4
Include the minimum TBS in a reply to RAN1 LS.
Proposal 5
Usable TB sizes are chosen from the existing (N)PUSCH tables. The number of possible sizes are decided after discussion of the grant mechanism.
Proposal 6
RAN2 intends to specify a mechanism to avoid the padding issue.
Proposal 7
Ask feasibility of flexible resource allocation (e.g. solution 2./3./6.) from RAN1.
Proposal 8
Discuss further if Msg3 padding issue is addressed using flexible resource allocation, pending RAN1 confirmation, and/or (N)PRACH partitioning.
Proposal 9
Segmentation support (solution 7.) is discussed separately based on further contributions.
Proposal 10
Discuss sub-PRB allocation for Msg3 based on further contributions.
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