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1 Introduction

This document is a summary of the email discussion [93bis#07][NB-IOT] on RACH open issues. 
[93bis#07][NB-IOT] RACH open issues (ZTE)

-
Open issues from R2-162331 and R2-162360 on a) PRACH configuration including PDCCH Period b) Necessary Updates to RA-RNTI formula and RAR contents, c) BI value definition/mapping

-
Intended outcome: Email discussion report to NB-IOT ad-hoc

-
Deadline: Thursday 28/04/2016
2 Discussion

2.1 NPRACH Configuration

Suggestions for NPRACH configuration were provided at RAN2#93bis in [1] and [2]. However, when this issue was discussed, some RAN1 details were missing, e.g. on the maximum number of NPRACH resources that can be configured. So no detailed agreement could be reached during the meeting. A LS from RAN1 on ‘RRC parameter list for NB-IoT’ was then made available in [3], clarifying a number of aspects. For instance it seems clear that up to 3 NPRACH resource configurations can be configured in a cell and that the support for multi-tone msg3 can be indicated by reserving come subcarriers for this in the (up to 3) NPRACH resource configurations.
The ASN.1 coding for the NPRACH configuration could then look like the following. 
NPRACH-ParametersList-r13 ::=
SEQUENCE (SIZE(1.. maxCE-Level-NB-r13 )) OF NPRACH-Parameters-r13
NPRACH-Parameters-r13 ::=


SEQUENCE {

nprach-NumSubcarrier



ENUMERATED {n12, n24, n36, n48},

nprach-SubcarrierOffset



ENUMERATED {0, 12, 24, 36, 2, 18, 34, spare},

nprach-Periodicity




ENUMERATED {40ms, 80 ms, 160ms, 240ms, 320ms, 640ms, 













1280ms, 2560ms },

nprach-StartTime-r13



ENUMERATED {8ms, 16ms, 32ms, 64ms, 128ms, 256ms, 













512ms, 1024ms},

nprach-NumRepetitions-r13


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

nprach-subcarrierRangeStart-r13

ENUMERATED {zero, oneThird, twoThird, one},










……





}
A discussion on ASN.1 aspects is anyway expected to happen in the email discussion [93bis#17][NB-IOT] on CR to 36.331, so here it’s not suggested to agree on any specific proposal.
2.2 RA parameter values

During RAN2#93bis it was agreed to link some of the RA parameter values to the 'PDCCH period', which could be defined as the duration between two consecutive starting subframes for PDCCH of the same Coverage level.
Based on the latest RAN1 agreements, the PDCCH period is given by Rmax (maximum number of NPDCCH repetitions the UE needs to monitor for CSS for RAR/Msg3 re-transmission/Msg4: {1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048}) x G (starting subframes configuration of the NPDCCH CSS for RAR/Msg3 re-transmission/Msg4: {1.5, 2, 4, 8, 16, 32, 48, 64}). For instance this means that, assuming the highest coverage level/maximum number of repetitions, the minimum PDCCH period is Rmax (2048) x G (1.5)=3072 ms, while the maximum theoretical PDCCH period is Rmax (2048) x G (64)=131072 ms.
In particular during RAN2#93bis it was agreed to:

Use PDCCH period instead of subframe as basic unit of ra-ResponseWindowSize.


Use PDCCH period instead of subframe as basic unit of mac-ContentionResolutionTimer.

However the range of values for both ra-ResponseWindowSize and mac-ContentionResolutionTimer was left for further discussion. Table 1 shows an excerpt of the corresponding table on RA parameters suggested in [1].
Table 1. possible setting of some RA parameters according to [1]
	ra-ResponseWindowSize
	LTE: sf {2, 3, 4, 5, 6, 7, 8, 10}

eMTC: sf {20, 50, 80, 120, 180, 240, 320, 400}
	Using pp instead of sf directly, re-use the value in LTE:

pp {2, 3, 4, 5, 6, 7, 8, 10}

	mac-ContentionResolutionTimer
	LTE: sf {8, 16, 24, 32, 40, 48, 56, 64}

eMTC: sf {80, 100, 120, 160, 200, 240, 480, 960}
	Using pp instead of sf directly, re-use the value in LTE:

pp {8, 16, 24, 32, 40, 48, 56, 64}


The proposal in [1] is basically to consider the values applicable for LTE (in sf) and expand them according to the PDCCH period.
However it’s not obvious this is needed / is always a good solution. For instance, for the ra-ResponseWindowSize, in LTE different values were introduced to allow some scheduling flexibility. Some corresponding flexibility is obviously needed in NB-IoT as well, but probably not up to 10 (maximum value for LTE, in sf) x PDCCH period, especially with a PDCCH period of 3072ms (assuming the minimum PDCCH period for the maximum number of repetitions). For instance the impact on both power consumption and latency would be huge, as a UE would need to monitor the PDCCH 10 times after sending a RA attempt and wait for more than 30 seconds before knowing whether a RA response has been sent by the network.
In general, if the proposal to use the PDCCH period as the basic unit for ra-ResponseWindowSize and mac-ContentionResolutionTimer is reconfirmed, some restricted range (with respect to the LTE ones) should probably be considered.
Question #1: Which range should be considered for the ra-ResponseWindowSize?

	Question #1: Which range should be considered for the ra-ResponseWindowSize?

	Company name
	Answer/Comments

	ZTE

	If the PDCCH period (pp) is used as the basic unit for the ra-ResponseWindowSize, the range should be limited to 1~4 pp. We believe this allows sufficient scheduling flexibility at the eNB while limiting the UE power consumption and latency for NB-IoT. Even if higher enumerated values will be allowed, in any case we think that the ra-ResponseWindowSize should never exceed a hyperframe (i.e. higher values could be applicable for shorter PDCCH periods only).
Note: in response to the comment below:

1) We don’t think it’s necessary to consider the maximum number of repetitions allowed by RAN1 spec in the RAR window size design. We should consider a practical situation, e.g. reflecting the fact that it has been assessed that a PDCCH with Rmax=256 (or even smaller value) allows to achieve the required maximum coverage level. However, even with Rmax=2048 and a reasonable G value (i.e. G=1.5) we still don’t see the need to have a RAR window size exceeding a hyperframe.
2) The figure in the comment below shows the RAR window starting at the preamble transmission. However we believe we should ensure that the start of the RAR window only happens at the next possible PDCCH opportunity. By doing this the UE does not need to monitor non-existing PDCCH for RAR during the previous PDSCH period.

	Huawei, HiSilicon
	After receiving preamble transmitted by UE, eNB needs at least one PDCCH opportunity to schedule RAR for UE in RAR window. In NB-IoT, PDCCH and PDSCH are muplexied in one PRB in TDM way. Besides, PDSCH transmission can transmit crossing several PDCCH period. Therefore, as shown in the following Figure 1, if RAR window is too small, the whole RAR window may be occupied by previous PDSCH transmission. In this case, during a small RAR window, eNB doesn’t have opportunity to schedule RAR transmission for UE.


[image: image1.emf]RAR Window (big enough)

PDCCH for RAR

Previous transmission

RAR Window  (not big enough)

Preamble 

transmission

Time

PDSCH PDCCH

c
Figure 1. PDCCH monitoring during RAR window

As shown in Figure 1, the ra-ResponseWindowSize should be large enough (PDCCH period+Previous transmission duration) to guarantee at least one PDCCH opportunity. For intance, if the UE is in the highest coverage level, the minimum PDCCH period is Rmax (2048)* G(1.5)=3072ms. The previous transmision duration depends on the repetition number, MCS and TBS of the transmission.

After using PDCCH period as basic unit of ra-ResponseWindowSize, we prefer to re-use the values in LTE to obtain the similar opportunities for PDCCH monitering. 

	Samsung
	We agree with Huawei to reuse the current LTE values. Using only small values of ra-ResponseWindowSize can effect the reliability of RA Response message delivery.

	Fujitsu

	We share the Rapporteur’s understanding that too large value is not necessary. Even if large values are included, they could be only applicable for shorter PDCCH periods. We prefer that ra-ResponseWindowSize is not bigger that 1 hyper frame to avoid collision of RARs corresponding to PRACHs with different tx timings.

	Ericsson


	We see no need to have a larger ra-ResponseWindowSize than one SFN cycle, i.e. ~10s. One SFN cycle allows 3-4 NPDCCH opportunities for the case with the maxmimum number of repetitions (2048). Having a larger ra-ResponseWindowSize may have an impact on latency and UE battery lifetime. We believe that power boosting will normally be applied for in/guard-band deployments so a repetition factor of ~512 (more than 10 scheduling oppurtunities for RAR) may be sufficient for extreme coverage extension. 




Two companies indicated a preference for having the same range for the ra-ResponseWindowSize (expressed in PDCCH periods) as the one for LTE (expressed in sf).

Three companies indicated a preference for avoiding too large values, especially for longer PDCCH periods, and in any case not to have a ra-ResponseWindowSize larger than one hyper frame.
Proposal #1: (if the ra-ResponseWindowSize will be expressed in PDCCH periods) the possible values signaled by the network shall be the same as for LTE (i.e. {2, 3, 4, 5, 6, 7, 8, 10}). However the value considered by the UE will be:

ra-ResponseWindowSize = Min (signaled value x PDCCH period, 10.24s)
Question #2: Which range should be considered for the mac-ContentionResolutionTimer?

	Question #2: Which range should be considered for the mac-ContentionResolutionTimer?

	Company name
	Answer/Comments

	ZTE


	In LTE, the mac-ContentionResolutionTimer specifies the number of consecutive subframes during which the UE shall monitor the PDCCH after Msg3 is transmitted.

Although using the PDCCH period (pp) instead of sf can work in principle for NB-IoT, the range of enumerated values should be carefully chosen, as energy saving is essential for IoT devices.

As for the ra-ResponseWindowSize, the range for the mac-ContentionResolutionTimer should preferably be limited to 1~4 pp (or equivalent time).

	Huawei, HiSilicon


	The mac-ContentionResolutionTimer is started after the transmission of Msg3 and restarted after each restransmittion of Msg3. It is used for controlling UE monitoring PDCCH to receive Msg4. Similar to ra-ResponseWindowSize, we prefer to re-use the values in LTE to obtain the similar opportunities for PDCCH monitering.

	Samsung
	Reuse the current LTE values for mac-ContentionResolutionTimer.

	Fujitsu

	We share the Rapporteur’s understanding that too large value is not necessary, considering the power saving and latency. We prefer that mac-ContentionResolutionTimer is not bigger that 1 hyper frame

	Ericsson

	We think that lower values (in terms of pp) should be introduced as they are needed for the highest coverage level to decrease both UE power consumption and latency. The current smallest value of 8 pp corresponds to around 20 s for the largest repetition level. The largest values are still interesting to keep for good coverage levels. Thus, we propose to have the following:

{1, 2, 3, 4, 8, 16, 32, 64}


Two companies indicated a preference for having the same range for the mac-ContentionResolutionTimer (expressed in PDCCH periods) as the one for LTE (expressed in sf).

Two companies indicated a preference for avoiding too large values and in any case not to have a mac-ContentionResolutionTimer larger than one hyper frame.
One company indicated that lower values should be introduced (as they are needed for the highest coverage level) and suggested the following range (expressed in pp): {1, 2, 3, 4, 8, 16, 32, 64}
Proposal #2: (if the mac-ContentionResolutionTimer will be expressed in PDCCH periods) the possible values signaled by the network shall be: {1, 2, 3, 4, 8, 16, 32, 64}. However the value considered by the UE will be:

mac-ContentionResolutionTimer = Min (signaled value x PDCCH period, 10.24s)
2.3 RA-RNTI formula
During RAN2#93 two variants for the RA-RNTI formula were considered for NB-IoT:
· RA-RNTI calculation formula may be defined as follows (FFS):
· RA-RNTI=1+t_id + 10*freTone_id + k1*(SFN mod (W/10)), with the Code information in the RAR, OR

· RA-RNTI=1+t_id+10*(SFN mod (W/10), with the Tone information in the RAR
Where: 


t_id is the index of the first subframe of the specified PRACH (0≤ t_id <10) within an attempt, 


freTone_id is the index of the specified PRACH within that subframe,


SFN is the index of the first radio frame of the specified PRACH, 


W is the maximum possible RAR window size in subframes,


k1 depends on the number for freq tones. 
It was then agreed that the “FFS is mainly dependent on what information we can and need to send in RAR, e.g. if RAN1 decides to have code multiplexing or not”.

Some suggestions to revise the RA-RNTI formula were then provided at RAN2#93bis in [1] and [2], based on latest RAN1 status. Since it is confirmed that only one preamble sequence is supported in NB-IoT and no code information needs to be included in RAR, both [1] and [2] suggested to consider the second variant as the baseline for further considerations. 
It is then proposed to consider the following RA-RNTI formula as the baseline:

Formula #1: RA-RNTI=1+t_id+10*(SFN mod (W/10), with frequency information in the RAR
More precisely, the frequency information would reuse the 6-bit Random Access Preamble ID field in the MAC PDU subheader, allowing to signal the up to 48 subcarriers that can be configured for NPRACH. This allows multiplexing RARs for random access attempts performed on different frequency locations into the same MAC PDU. 
Question #3: Can we confirm that the frequency information will be included in RAR?
Note: Whether there is a need to include some partial frequency information in the RA-RNTI formula, even if it’s included in RAR, is further discussed in question #8 below.
	Question #3: Can we confirm that the frequency information will be included in RAR?

	Company name
	Answer/Comments

	ZTE

	Yes, the frequency information should be included in RAR

	Huawei, HiSilicon
	On PRACH, at most 48 tones can be configured for one coverage level, which means up to 48 RARs for different UEs need to be multiplexed into one MAC RAR PDU. In current TS 36.321, for each MAC RAR PDU, 1 byte MAC subheader and 6 bytes RAR are included, totally 56bits. However, the maximum TBS on PDSCH is only 680 bits which is only enough to carry at most 12 RARs (12*56=672bits). If there are more than 12 RARs needs to be multiplexed into one MAC RAR PDU, these RARs will be divided into several MAC RAR PDUs. The UEs using the same RA-RNTI need to receive all PDCCH and PDSCH for these PDUs, which cause additional power consumption of UE.

Thus, we prefer to introduce band_id into the calculation of RA-RNTI to avoid this problem.

	Samsung

	We prefer to keep the frequency information in RAR. As, RAR window size can be significantly large due to large PDCCH period, the range of values RA-RNTI can increase drastically. In order to support large number of users, the range of RA-RNTI should be minimized.

	Fujitsu

	Yes, frequency information shall be removed into RAR to distinguish the multiplexing RARs in the same MAC PDU. Correspondingly, f_id shall be removed from RA-RNTI formula.

	Ericsson
	Yes, the tone index for NB-IoT corresponds to a preamble index and should be included in the RAR.


All the companies which provided feedback agreed to include the frequency/tone information in the RAR (reusing the Random Access Preamble ID field), so that f_id can be removed from the RA-RNTI formula (one company commented that the formula might still need to contain the band_id, but this is further addressed by question #8).

Proposal #3: the tone information shall be included in the Random Access Preamble ID field in the MAC PDU subheader and f_id is not needed in the RA-RNTI formula.
In [1] it was further suggested to remove the subframe index t_id from the RA-RNTI formula. Since it's confirmed that the minimum NPRACH period is 40 ms and that one period includes only one preamble transmission opportunity, it seems that the subframe index t_id is not strictly needed in the RA-RNTI formula.
If it’s agreed to remove the t_id from the formula (together with the proposal to include frequency information in RAR), the RA-RNTI formula could be revised as follows:
Formula #2: RA-RNTI=1+(SFN mod (W/10)), with frequency information in the RAR
Question #4: Should the subframe index t_id be removed from the RA-RNTI formula?
	Question #4: Should the subframe index t_id be removed from the RA-RNTI formula?

	Company name
	Answer/Comments

	ZTE


	The subframe index t_id seems not essential in the RA-RNTI formula for NB-IoT and then it could be removed.

	Huawei, HiSilicon


	According to RAN1 agreements about PRACH design, the minimum NB-PRACH period is 40 ms and one period includes only one preamble transmission opportunity. In this case, the t_id (i.e. the index of the first subframe of the specified PRACH (0≤ t_id <10) within an attempt) does not make sense. To reduce the RA-RNTI space, the subframe index t_id should be removed from the formula of RA-RNTI calculation.

We prefer to Remove subframe index t_id from the calculation of RA-RNTI.

	Samsung
	Yes, t_id can be removed from the RA-RNTI formula.

	Fujitsu

	Yes, t_id shall be removed from the RA-RNTI formula.

	Ericsson
	Yes, t_id should be removed as we do not see any need for it.


All the companies which provided feedback agreed to remove the subframe index t_id from the RA-RNTI formula.

Proposal #4: t_id is not needed in the RA-RNTI formula.
Another aspect is that, if the maximum RAR Window Size will be extended to several seconds (based on the feedback to Question #1), the maximum RAR Window Size (W) becomes less important and it could also be removed from the formula.

In particular, if the maximum RAR Window Size will be set to a value lower or equal to one hyperframe, the above RA-RNTI formulas could be further simplified as follows (assuming a number of previous assumptions are confirmed): 
Formula #3: RA-RNTI=1+SFN,
with frequency information in the RAR and a RA-RNTI space of 1~1024
Question #5: Should the maximum RAR Window Size (W) be removed from the RA-RNTI formula?

	Question #5: Should the maximum RAN Window Size (W) be removed from the RA-RNTI formula?

	Company name
	Answer/Comments

	ZTE
	This depends on the final decision on the maximum RAR window size. If it will be extended to more than a few seconds, then the maximum RAR window size (W) could be removed from the formula without impacting too much the range of the RA-RNTI space.

	Huawei, HiSilicon


	We agree. If RAR window size is equal to or larger than a HSFN, w is meaningless in this calculation for RA-RNTI. 

	Samsung

	We would like to keep the maximum RAR Window Size parameter in the equation at least for small values of RAR Window size, to reduce the span of RA-RNTI values.

	Fujitsu

	We prefer to remove W from the RA-RNTI formula.

	Ericsson
	We agree that this should be removed since in our view the maximum RAR window size is one SFN cycle.


Four companies indicated a preference to remove the maximum RAN Window Size (W) from the RA-RNTI formula. One company indicated a preference to keep it (to reduce the span of the RA-RNTI values).
Proposal #5: The (mod operation based on the) maximum RAN Window Size (W) is not needed in the RA-RNTI formula.
Furthermore, considering the concept of NPRACH period (with a minimum value of 40ms) the available time locations to initiate the transmission of a new random access attempt are reduced, i.e. at most one every 40ms. 
Considering this (together with other previous assumptions), the RA-RNTI formula could also be revised as follows:
Formula #4: RA-RNTI=1+SFN/4,
with frequency information in the RAR and a RA-RNTI space of of 1~256
Question #6: Should the RA-RNTI formula reflect the fact that the minimum NPRACH period is 40 ms?

	Question #6: Should the RA-RNTI formula reflect the fact that the minimum NPRACH period is 40 ms?

	Company name
	Answer/Comments

	ZTE
	Yes, the RA-RNTI formula could reflect the fact that the minimum NPRACH period is 40 ms (and that all NPRACH periods are a multiple of 40 ms), implying that the possible time locations to initiate the transmission of a new random access attempt can happen at most every 40ms.

	Huawei, HiSilicon


	Since the minimum PRACH period is 40ms, which is 4 times of radio frame length, the index of the minimum PRACH period within one HSFN. Thus, we prefer to use minPeriod_id for the RA-RNTI calculation instead of SFN to further reduce RA-RNTI space. The minPeriod_id can be calculated as floor (SFN / 4).

	Samsung

	Yes, minimum PRACH period can be reflected in the RA-RNTI calculation.

	Fujitsu
	We prefer to reflect the minimum NPRACH period 40ms. With “SFN/4”, the RA-RNTI space can be significantly reduced. Note that “SFN/4” shall be expressed as “SFN div 4” more precisely.

	Ericsson
	Yes, we think that it is beneficial to reflect this as proposed but it should be:

RA-RNTI = 1 + FLOOR(SFN/4)


All the companies which provided feedback agreed that the RA-RNTI formula should reflect the fact that the minimum NPRACH period is 40 ms (and that all NPRACH periods are a multiple of 40 ms).
Proposal #6: the SFN in the RA-RNTI formula shall be divided by 4.
Note: Since the SFN where a RA attempt can be started is always a multiple of 4, it seems that a floor operation is not needed.
If the maximum RAR Window Size will be higher than one hyperframe, the formula could be updated as follows (again assuming a number of previous assumptions are confirmed):

Formula #5: RA-RNTI=1+(HSFN mod 3)+3*(SFN/4),
with frequency information in the RAR and a RA-RNTI space of 1~768

Question #7: Should the HSFN information be included in the RA-RNTI formula?

Note: this seems only applicable if the maximum RAR Window Size will be specified as higher than one hyperframe and then it’s also related to the proposed value range for ra-ResponseWindowSize in section 2.2.
	Question #7: Should the HSFN information be included in the RA-RNTI formula?

	Company name
	Answer/Comments

	ZTE
	We think that in any case the maximum RAR Window Size should be shorter than one hyperframe, to limit the impacts on the UE power consumption (see Question #1). So we think that HSFN information is not needed and should not be included in the RA-RNTI formula.
Note: in response to the comment below:

1) We believe that in any practical implementation msg2 can always be sent using a PDCCH configuration + PDSCH repetition factor & MCS combination that allows a few multiple instances of PDCCH + PSDCH to be transmitted in less than 1 hyperframe.
2) On the other hand, if we want to follow the principle to design the maximum RAR window size (and then the RA-RNTI formula) for the worst case allowed by the agreed RAN1 parameters, then we would need to consider the RAR window size due to a PDCCH period of Rmax (2048) x G (64)=131072ms, i.e. in the order of 13 hyperframes.

	Huawei, HiSilicon
	Table. MCS/TBS definiation for PDSCH
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For example, as shown in Table, if the repetition number is 1024 and the MCS/TBS marked by red are used for previous PDSCH transmission, for the UE in the highest coverage level, the ra-ResponseWindowSize should be larger than 1 HSF (3072 + 8*1024 = 11264ms > 10240ms). Similarly, if the repetition number is 2048 and either MCS/TBS marked by red or orange are used for previous PDSCH transmission, for the UE in the highest coverage level, the ra-ResponseWindowSize should be larger than 1 HSF (3072 + 4*2048 = 11264ms > 10240ms).

Based on previous analysis, the ra-ResponseWindowSize larger than HSF should be suported to guarantee at least one PDCCH opportunity for UE in high coverage level. Since the maximum PDSCH transmission is 10*2048=20480ms, if only one PDCCH opportunity is enough for UE in the highest coverage level, ra-ResponseWindowSize = 20480 + 3072 = 23552ms = 2.3HSF is enough. In this case, the HSFN should be introduced to RA-RNTI calculation.

Thus, we prefer to include the HSFN information in the RA-RNTI formula.

	Samsung
	This depends on the final decision of possible range of RAR Window Size. If RAR Window size is contrained to less than 1 Hyper-frame, then there is no requirement of HSFN in the calculation.

	Fujitsu

	We prefer not to introduce too large value of ra-ResponseWindowSize. It’s not necessary to consider the case of maximum RAR Window Size higher than one hyper frame.

Hence, HSFN information shouldn’t be included in the RA-RNTI formula so that window size is not over hyper frame size.

	Ericsson

	As we think the RAR window size will not be larger than 10,24 s, as indicated in our answer to Q1 above, we do not see any need to include the HSFN into the formula.


Three companies indicated that since they believe the maximum RAR Window Size should not be higher than one hyper frame, HSFN information should not be included in the RA-RNTI formula. One company indicated that since they believe the RAR Window Size can higher than one hyper frame, HSFN information should be included in the RA-RNTI formula. Another company indicated that the need to include HSFN information depends on the final decision on the maximum RAR Window Size.
Proposal #7: HSFN information shall not be included in the RA-RNTI formula.

A final aspect, suggested in [1], is the possibility to further modify the formula by introducing a band indicator in the RA-RNTI calculation.
Assuming the previous assumptions are confirmed, if a band indicator is added the RA-RNTI formula could look like as follows:
Formula #6: RA-RNTI=1+band_id+4*(SFN/4) = 1 + band_id + SFN,
with (reduced) frequency info in the RAR and a RA-RNTI space of 1~1024, if HSFN info is not needed

Formula #7: RA-RNTI=1+band_id+4*(HSFN mod 3)+12*(SFN/4),
with (reduced) frequency info in the RAR and a RA-RNTI space of 1~3072, if HSFN info is needed

Without the band indicator, considering that the maximum number of configurable tones/subcarriers is 48 and that only up to 12 RARs can be multiplexed into one MAC PDU (12 * 56 = 672, fitting is the maximum TBS on PDSCH of 680 bits), if more than 12 tones are configured (and used in the same PRACH period), then the RARs would need to be subdivided into different MAC PDUs (at most 4) with the same RA-RNTI, and a UE would need to monitor all the PDCCH identified by the RA-RNTI and receive the following related PDSCH (until a RAR containing the relevant frequency info is found). With the band indicator, for a given RA-RNTI it would be possible for the network to transmit a single MAC PDU, and then allow the UE to reduce the PDSCH reception (because the UE would not receive PDSCH including the RARs for random access attempts performed in other bands). However, from a resource handling point of view, if more than 12 RARs need to be sent, in both cases there would be a need to transmit multiple MAC PDUs.
On the other hand, without the band indicator, the network could transmit a single MAC PDU even if tones from multiple bands are used (up to a maximum of 12). With the band indicator, whenever tones from different bands are selected, the network would need to transmit multiple MAC PDUs (one per band), resulting in decreased multiplexing efficiency and unnecessary PDCCH overhead. Furthermore, the addition of a band indicator would increase the RA-RNTI space of a factor of 4.
Question #8: Should the band indicator be included in the RA-RNTI formula?

	Question #8: Should the band indicator be included in the RA-RNTI formula?

	Company name
	Answer/Comments

	ZTE
	Considering the listed pros and cons of including a band indicator in the RA-RNTI formula, we think that a band indication should not be included.
One further consideration is that the probability of all the 48 (or even 12) tones being occupied simultaneously should be very low when taking into account the collision probability (i.e. to ensure that the collision probability is sufficiently low, the average PRACH utilization is expected to be relatively low, e.g. 10% of the configured PRACH resources).

	Huawei, HiSilicon
	See the comments for Question #3, we prefer to introduce band_id into the calculation of RA-RNTI to avoid this problem.

	Samsung
	No strong opinion. But we would like to see more analysis on the given issue.

	Fujitsu

	Considering the limited amount of UE power consumption saving possible, we do not think that an optimization to avoid that RARs would need to be subdivided into different MAC PDUs (at most 3) with the same RA-RNTI is required, but if this is considered as worthwhile, then alternative solutions such as coverage level indicator should also be evaluated as a possible solution.

By introducing coverage level indicator instead of the band indicator, RA-RNTI=1+CEL_id+4*(SFN/4), where CEL_id indicates the coverage enhancement level (CEL) of UE. 

It’s better to multiplex RARs of UEs in the same CE level into one MAC PDU, due to their similar latency of successful preamble reception and the same PDSCH repetition number. Besides, RARs with the same RA-RNTI can also be contained in one MAC PDU, if less than 16 tones are configured to each CE level in most cases.

	Ericsson

	We do not think it should be included since it decreases the possibility for RAR multiplexing. In addition, the need to be able to respond to such large amount of RA attempts would seem to correspond to an overload situation.


Three companies indicated a preference for not including the band indicator in the RA-RNTI formula. One company indicated a preference for including the band indicator in the RA-RNTI formula. Another company indicated that they would like to see more analysis on the issue.

Proposal #8: A band indicator shall not be included in the RA-RNTI formula.

Question #9: Should other aspects be considered in the RA-RNTI formula?

	Question #9: Should other aspects be considered in the RA-RNTI formula?

	Company name
	Answer/Comments

	ZTE
	No other aspect.

In line with our comments above, the RA-RNTI formula for NB-IoT could be the formula #4 suggested above:

RA-RNTI=1+SFN/4,
with frequency information in the RAR and a RA-RNTI space of of 1~256

	Huawei, HiSilicon
	No. 

	Samsung
	Not required

	Fujitsu
	We propose to introduce the coverage level indicator to the RA-RNTI formula, so that RARs of UEs in the same CE level can be multiplexed into one MAC PDU with the same repetition number. See the comments for Question #8.

	Ericsson
	We believe there is a need to distinguish between different PRACH resource configurations (possibly corresponding to different coverage levels). This helps prevent that a UE  under one configuration accidentally decodes NPDCCH for a different configuration and proceeds with NPDSCH decoding (that is useless). Thus, we believe that Formula #4 should be extended with an index to the PRACH resource configuration (0,1,2) according to the following:

Formula #8: RA-RNTI=1+FLOOR(SFN/4)+PRACH_resource_index*256

with frequency information in the RAR and a RA-RNTI space of 1~768


Two companies out five indicated a preference for including a coverage level/NPRACH resource indicator in the RA-RNTI formula.

Proposal #9: the baseline RA-RNTI formula for NB-IoT is:

RA-RNTI=1+SFN/4, with frequency information in the RAR and a RA-RNTI space of of 1~256

Proposal #9bis: Further discuss whether a coverage level/NPRACH resource indicator should also be added. In case, the revised RA-RNTI formula could be:
RA-RNTI=1+PRACH_id+3*SFN/4, with frequency information in the RAR and a RA-RNTI space of of 1~768
2.4 Backoff Indicator values/mapping

During RAN2#93bis it was agreed that it should be possible to have different backoff times for different coverage levels.

It should be possible to have different backoff times for different coverage levels.

But other details were left FFS:

FFS if we Use PRACH period as basic unit for backoff. The backoff time can be calculated as Backoff Parameter value * PRACH period.
Several different options seem possible to allow different backoff times for different coverage levels.

Option 1: Specify that the backoff indicator BI points to a single list of backoff parameter values and then use the following formula to determine the backoff time for each coverage level based on the PRACH period of the coverage level:
Backoff_time_CELx = [0, backoff _values_common_list (BI)] * PRACH_period_CELx

Option 2: Specify that the backoff indicator BI points to a single list of backoff parameter values and signal 3 different “multiplying factors” for the different coverage levels. The following formula could then be used to determine the backoff time for each coverage level:

Backoff_time_CELx = [0, backoff _values_common_list (BI)] * MultFactor_CELx

Option 3: Specify that, depending on the relevant coverage level, the backoff indicator BI points to 3 different lists of backoff parameter values, with different ranges.
Backoff_time_CELx = [0, backoff _values _CELx (BI)]
Option 4: (added during the email discussion) Specify that the backoff indicator BI points to a single list of backoff parameter values (same approach as in LTE, but with new values in the BI table spanning the needed range for NB-IoT).
Backoff_time = [0, backoff _values_ common_list (BI)]

Question #10: Which option should be defined to allow different backoff times for different coverage levels?

	Question #10: Which option should be defined to allow different backoff times for different coverage levels?

	Company name
	Answer/Comments

	ZTE


	We have a preference for Option 2. 

We are not sure that linking the backoff time to the PRACH period is always the best approach. Network controlled "multiplying factors" for the different coverage levels can provide more flexibility than relying on the PRACH period.

	Huawei, HiSilicon
	We prefer Option 1M. 

RAN2#93bis meeting has agreed that it should be possible to have different backoff times for different coverage levels. Since the interval between two PRACH resource in NB-IoT is PRACH period whose value is per coverage level. Using PRACH period as basic unit for backoff can reduce the MAC BI size from 4bits to 3bits. Furthermore, this option can give a more flexible value range of backoff time for different coverage levels. 

To reuse the legacy design for Backoff time, UE should selecs a random value according to a uniform distribution between 0 and the backoff values_common_list (BI) and then caluculat backoff time as:

Backoff_time_CELx = [0, backoff_values_common_list (BI)] * PRACH_period_CELx

	Samsung
	No strong opinion, either of Option-1 or Option-2 can be considered.

	Fujitsu


	Prefer option 1 due to its configuration flexibility and reduced signalling.

	Ericsson

	Option 4: we think it can be kept simple through defining new values in the existing BI table in 36.321. 


Two companies indicated a preference for option 1, one company for option 2 and another company for either option 1 or 2. Another company finally suggested a new option 4 (to use the same approach as in LTE, but with new values spanning the needed range for NB-IoT).
Considering the different views, this issue might have to be re-discussed. However, considering its simplicity, the following tentative proposal (according to option 4) is made:
Proposal #10: For the backoff indicator, use the same approach as in LTE, but with new values in the BI table spanning the needed range for NB-IoT.
Question #11: Which is the desired backoff time range (for the different coverage levels)?
	Question #11: Which is the desired backoff time range (for the different coverage levels)?

	Company name
	Answer/Comments

	ZTE


	Due to the expected much larger number of IoT devices and the delay-tolerant aspect of IoT services, the backoff time range should be significantly larger than for LTE, where the maximum value is 960ms. 

The desired backoff time range can be up to 960s (1000x the maximum value for LTE). 

	Huawei, HiSilicon


	By using the above option to define backoff times for different coverage levels, we can get the following value range:

Index

Backoff Parameter value
Maximum Backoff time per coverage level (ms)
PRACH period {40, 80, 160, 240, 320, 640, 1280, 2560} ms
0

0

CL1

CL2

CL3

CL4

CL5

CL6

CL7

CL8

1

5

200

400

800

1200

1600

3200

6400
12800
2

10

400

800

1600

2400

3200

6400
12800

25600

3

15

600

1200

2400

3600

4800

9600
19200
38400

4

20

800

1600

3200

4800

6400
12800
25600
51200

5

30

1200

2400

4800

7200

9600

19200
38400
76800

6

40

1600
3200
6400

9600
12800
25600
51200
102400

7

60

2400

4800

9600

14400

19200

38400
76800
153600

 

	Samsung
	The range of backoff time needs to be extended to meet the requirements of NB IoT.

	Fujitsu

	Considering the massive number of IoT UEs and relatively tolerant latency requirements, the backoff time should be significantly extended. Besides, we see no need of small granularity due to the delay-tolerant aspect.

	Ericsson

	We can define the values in 7.2-1 in 36.321 as 2(7+index) for index=1-12 and then keep index 13-15 Reserved as in legacy. 

Thus, the following table should apply for NB-IoT:

Index
Backoff Parameter value (ms)
0

0

1

28 = 256
2

29 = 512

3

210 = 1024

…

…

11

218 = 262144
12

219 = 524288

13

Reserved

14

Reserved

15

Reserved




All companies indicated the need to extend the range of backoff time values. Some companies also noted that fine granularity might not be needed. 

Proposal #11: If proposal #10 is agreed, the actual values could be as follows:

	Index
	Backoff Parameter value (ms)

	0
	0

	1
	28 = 256

	2
	29 = 512

	3
	210 = 1024

	…
	…

	11
	218 = 262144

	12
	219 = 524288

	13
	Reserved

	14
	Reserved

	15
	Reserved


Based on the discussion at RAN2#93bis, as a baseline it is assumed to reuse the legacy MAC BI size, i.e. 4 bits.
Question #12: Can we reuse the legacy 4-bit MAC BI size? If not, what is the suggested design? 
	Question #12: Can we reuse the legacy 4-bit MAC BI size? If not, what is the suggested design? 

	Company name
	Answer/Comments

	ZTE


	Yes, we can reuse the legacy 4-bit MAC BI size. 

	Huawei, HiSilicon


	We prefer to use 3-bit MAC BI size. See the comments for Question #10 and #11.

	Samsung

	Legacy 4-bit MAC BI size can be reused.

	Fujitsu

	We are ok with legacy 4-bit MAC BI size.

	Ericsson

	Yes, we prefer re-use of legacy MAC BI size of 4 bits.


Four companies indicated a preference to reuse the legacy MAC BI size, i.e. 4 bits. One company indicated a preference to use a 3-bit MAC BI size.

Question #12: Reuse the legacy 4-bit MAC BI size. 

3 Summary 

Proposal #1: (if the ra-ResponseWindowSize will be expressed in PDCCH periods) the possible values signaled by the network shall be the same as for LTE (i.e. {2, 3, 4, 5, 6, 7, 8, 10}). However the value considered by the UE will be:

ra-ResponseWindowSize = Min (signaled value x PDCCH period, 10.24s)
Proposal #2: (if the mac-ContentionResolutionTimer will be expressed in PDCCH periods) the possible values signaled by the network shall be: {1, 2, 3, 4, 8, 16, 32, 64}. However the value considered by the UE will be:

mac-ContentionResolutionTimer = Min (signaled value x PDCCH period, 10.24s)
Proposal #3: the tone information shall be included in the Random Access Preamble ID field in the MAC PDU subheader and f_id is not needed in the RA-RNTI formula.
Proposal #4: t_id is not needed in the RA-RNTI formula.
Proposal #5: The (mod operation based on the) maximum RAN Window Size (W) is not needed in the RA_RNTI formula.
Proposal #6: the SFN in the RA-RNTI formula shall be divided by 4.
Note: Since the SFN where a RA attempt can be started is always a multiple of 4, it seems that a floor operation is not needed.

Proposal #7: HSFN information shall not be included in the RA-RNTI formula.

Proposal #8: A band indicator shall not be included in the RA-RNTI formula.

Proposal #9: the baseline RA-RNTI formula for NB-IoT is:

RA-RNTI=1+SFN/4, with frequency information in the RAR and a RA-RNTI space of of 1~256
Proposal #9bis: Further discuss whether a coverage level/NPRACH resource indicator should also be added. In case, the revised RA-RNTI formula could be:

RA-RNTI=1+PRACH_id+3*SFN/4, with frequency information in the RAR and a RA-RNTI space of of 1~768

Proposal #10: For the backoff indicator, use the same approach as in LTE, but with new values in the BI table spanning the needed range for NB-IoT.

Proposal #11: If proposal #10 is agreed, the actual values could be as follows:

	Index
	Backoff Parameter value (ms)

	0
	0

	1
	28 = 256

	2
	29 = 512

	3
	210 = 1024

	…
	…

	11
	218 = 262144

	12
	219 = 524288

	13
	Reserved

	14
	Reserved

	15
	Reserved


Question #12: Reuse the legacy 4-bit MAC BI size.
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