3GPP TSG RAN WG1 #112			R1-2301275
Athens, Greece, February 27th – March 3rd, 2023

Agenda Item:		9.6.1
Source:			Samsung
Title:			Further UE complexity reduction for eRedCap
Document for:		Discussion and decision
1 Introduction
In RAN Plenary #97e, a new WID on enhanced support of reduced capability NR devices was approved [1]. And following agreements were made in last RAN1 meeting [2]: 

Agreement
From RAN1 perspective, for UE BB complexity reduction, for paging channel (PDSCH) to Rel-18 RedCap UEs, allow the scheduling of paging channel to be larger than 5 MHz (as in legacy operation).

Agreement 
For UE BB complexity reduction, a UE is not expected to receive an UL grant in a RAR or in a DCI scrambled with TC-RNTI with a Msg3 PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.

Agreement
For UE BB bandwidth reduction, for RAR (PDSCH) to Rel-18 RedCap UEs, the scheduling of RAR PDSCH is allowed to be larger than the maximum number of unicast PRBs that the UE can process per slot.
· When the scheduling of RAR PDSCH is within the maximum number of unicast PRBs that the UE can process per slot, the legacy time between RAR reception and Msg3 transmission (not smaller than NT,1 + NT,2 + 0.5 ms) is applied.
· When the scheduling of RAR PDSCH is larger than the maximum number of unicast PRBs that the UE can process per slot,
· The UE receives the RAR and correspondingly transmits Msg3 if the TDRA for Msg3 in UL grant in RAR indicates that the time between RAR reception and Msg3 transmission is NOT smaller than NT,1 + NT,2 + 0.5 + X ms.
· FFS: value(s) of X
· Otherwise, the UE behavior is up to the UE implementation.
· Note: it does not mean early indication is needed
· Note: it will not be used as example for unicast PDSCH
Agreement
For UE BB complexity reduction, a UE is able to receive a DL assignment in a DCI with a unicast PDSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot.
The number of PRB scheduled in DCI is not larger than the maximum number of PRB agreed in previous agreement from 110b-e.

Agreement
For UE BB bandwidth reduction, for PUSCH, down-select between the following options for the maximum number of PRBs that the UE can transmit per slot or per hop, if applicable:
· Option 3: 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS
· Option 4: 25 PRBs for 15 kHz SCS and 11 PRBs for 30 kHz SCS
For UE BB bandwidth reduction, for PDSCH (for both unicast and broadcast), down-select between the following options for the maximum number of PRBs that the UE can process per slot:
· Option 3: 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS
· Option 4: 25 PRBs for 15 kHz SCS and 11 PRBs for 30 kHz SCS
Same option will be selected for both PDSCH and PUSCH.

Agreement
· The minimum DL peak rate target (for FD-FDD) is [10] Mbps based on peak data rate calculation according to 38.306.
· The same value for X is used for DL and UL

This contribution discusses remaining issues for broadcast PDSCH/PUSCH, remaining issues for unicast PDSCH/PUSCH and UE capability report.

2 Discussion
2.1 Remaining issues for broadcast PDSCH/PUSCH
In the last RAN1 meeting, the scheduling of RAR PDSCH is agreed to be larger than the maximum number of unicast PRBs that the UE can process per slot. When the scheduling of RAR PDSCH is larger than the maximum number of unicast PRBs that the UE can process per slot, and the TDRA for Msg3 in UL grant in RAR indicates that the time between RAR reception and Msg3 transmission is smaller than NT,1 + NT,2 + 0.5 + X ms, Msg3 transmission can be up to UE implementation. Here, the value of X is FFS. We think X needn’t be specified, and processing time relaxation can be up to UE implementation. The required processing time of RAR PDSCH may be diverse considering UE implementation on reception. Specifying X means receiving RAR PDSCH with larger than 5MHz is mandatory and eRedcap UE needs to meet the specified processing time relaxation. Thus, this may increase UE implementation complexity on RAR PDSCH reception. From the perspective of cost reduction as far as possible, the UE behavior can be up to UE implementation when the scheduling of RAR PDSCH is larger than the maximum number of unicast PRBs that the UE can process per slot.

Proposal #1: Revise previous agreement on RAR PDSCH as following:
· When the scheduling of RAR PDSCH is larger than the maximum number of unicast PRBs that the UE can process per slot,
· The UE receives the RAR and correspondingly transmits Msg3 if the TDRA for Msg3 in UL grant in RAR indicates that the time between RAR reception and Msg3 transmission is NOT smaller than NT,1 + NT,2 + 0.5 + X ms.
· FFS: value(s) of X
· Otherwise, the UE behavior is up to the UE implementation.
Almost all of broadcast PDSCHs are agreed to be scheduled with larger than 5MHz, including SIB1/OSI/Paging/RAR PDSCH. However, the eRedCap UE behavior under the case of larger than 5MHz is not clarified. For reception of RAR PDSCH, processing time relaxation is allowed when the scheduling bandwidth is larger than 5MHz, and the minimum timeline of Msg3 will be impacted assuming X>0. For reception of other broadcast PDSCH, processing time can also be relaxed and no specification impact is expected. For example, the eRedCap UE can process PRB(s) serially in multiple slots with the predefined maximum number of processing PRB(s) in each slot. And, truncation of receiving can also be considered, e.g., puncturing the bits transmitted outside 5MHz, and puncturing which bits can be up to UE implementation. In addition, the UE can attempt multiple receptions via RF retuning to compensate coverage loss at the sacrifice of latency. Anyway, for SIB1/OSI/Paging PDSCH, using which reception method can be up to UE implementation and no specification impact.

Proposal #2: It is up to UE implementation for reception of SIB1/OSI/Paging PDSCH when the scheduling bandwidth is larger than 5MHz, and no specification impact is expected.
2.2 Remaining issues for unicast PDSCH/PUSCH
For baseband bandwidth reduction, frequency resource assignment is one important aspect with potential specification impact. For unicast channel, including PDSCH and PUSCH, FDRA optimization can be considered, e.g., 5MHz sub-band based frequency resource assignment can be considered to reduce DCI size. Considering that the total PRBs in 5MHz sub-band is less than in a 20MHz BWP, the bit length used for frequency resource assignment can be reduced.  Thus, a 5MHz sub-band can be indicated, and frequency resource assignment can be based on the 5MHz sub-band. Regarding the indication of 5MH sub-band, there are following options:
· One option is to indicate 5MHz sub-band in DCI. For example, BWP can be divided into multiple 5MHz sub-bands based on a predefined pattern, and sub-band index can be indicated in DCI. In this case, same-slot scheduling may impact the degree of complexity reduction on post-FFT data buffering since 5MHz sub-band location cannot be pre-known. However, one benefit is that scheduling gain can be achieved with dynamically indicating to UE any location within 20MHz bandwidth. 
· Another option is to indicate 5MHz sub-band by RRC. In this case, the total bit number on frequency resource assignment can be significantly reduced. In addition, even if same-slot scheduling is applied, maximum degree of complexity reduction on post-FFT data buffering can be achieved since 5MHz sub-band location can be pre-known. However, frequency selective gain across 20MHz bandwidth cannot be achieved. Regarding the two options, further discussion is needed.  

Proposal #3: For unicast PDSCH/PUSCH, frequency resource assignment can be based on 5MHz sub-band to save DCI overhead. Following options can be considered for 5MHz sub-band indication:
Option.1:	5MHz sub-band is indicated in DCI
Option.2:	5MHz sub-band is preconfigured by RRC
In addition, the RBG size can be considered as one specified for 5MHz instead of one for 20MHz. If the RBG size follows 20MHz BWP, scheduling granularity is very large for 5MHz scheduling bandwidth. For example, assuming rbg-Size configuration 2 is applied, if RBG size follows 20MHz BWP, RBG size is 16 and there are only 1 full RBG within 5MHz for 15kHz SCS. If RBG size follows 5MHz, RBG size is 4 and there are 6 full RBGs within 5MHz for 15kHz SCS. More RBGs can provide finer scheduling.
Proposal #4: For unicast PDSCH/PUSCH, RBG size should follow 5MHz to provide a finer scheduling granularity.
Moreover, frequency hopping within 20MHz should be considered. Within 5MHz bandwidth, frequency diversity gain may be limited considering some cases with special environment, e.g., indoor, factory-like environments. In these cases, the channel delay spread is typically low, so having frequency diversity in a bandwidth larger than 5 MHz is beneficial to maintain coverage. Therefore, at least for unicast PUSCH with the resource allocation spanning a bandwidth of not larger than 5MHz, frequency hopping of 5MHz sub-band should be considered to maintain coverage. Note that, in addition to providing frequency diversity, this solution also averages the interference over the entire 20MHz. This is beneficial if one 5MHz sub-band happens to be experiencing higher loads than the others. For unicast PDSCH, although the resource allocation can be spanned over a bandwidth of more than 5MHz, frequency diversity may still be limited, and frequency hopping can also be considered.

Proposal 5: Support frequency hopping at least for unicast PUSCH.
If separate early indication either in Msg1 or in Msg3 is supported as discussed in the following section for UE capability report, Rel-18 eRedcap UE capability can be known by NW at least after Msg3 transmission. Thus, it is straightforward that the scheduling of Msg4 PDSCH follows unicast PDSCH, i.e., the scheduling of Msg4 PDSCH is not allowed to be larger than the maximum number of unicast PRBs that the UE can process per slot. 
Proposal 6: Following unicast PDSCH, the scheduling of Msg4 PDSCH is not allowed to be larger than the maximum number of unicast PRBs that the UE can process per slot if separate early indication either in Msg1 or in Msg3 is supported.
2.2 UE capability report 
There are three possible options for early indication on UE capability:
· Option 1: support separate early indication in Msg1 only
· Option 2: support separate early indication in Msg3 only
· Option 3: support separate early indication in both Msg1 and Msg3

If separate early indication in Msg1 is not supported, scheduling will be very restricted for RAR and Msg3. For example, if the minimum timeline of Msg3 is not relaxed assuming X=0, NW should always schedule RAR within 5MHz for Rel-17 Redcap UE and Rel-18 eRedCap UE. If the minimum timeline of Msg3 is relaxed to NT,1 + NT,2 + 0.5 + X ms, NW should always schedule a long timeline for Msg3 for Rel-17 Redcap UE and Rel-18 eRedCap UE. In addition, NW should always schedule Msg3 with resource allocation spanning a bandwidth of not larger than 5 MHz for Rel-17 Redcap UE or Rel-18 eRedCap UE. These scheduling restrictions may severely impact the random access experience of Rel-17 Redcap UE. If separate early indication in Msg1 is supported, proper scheduling of RAR/Msg3 can be separately applied for Rel-17 Redcap UE and Rel-18 eRedcap UE.
Considering above benefits on scheduling flexibility of RAR/Msg3, separate early indication in Msg1 should be supported. NW can configure a dedicated PRACH resource pool for Rel-18 eRedcap UE via current PRACH resource partitioning mechanism. And, this feature can be optional and up to NW implementation on PRACH resource configuration.
Since separate early indication in Msg1 is an optional feature, separate early indication in Msg3 should be supported as a supplement which is similar to early indication for Rel-17 Redcap UE. Currently, a dedicated LCID is defined for early indicate for Rel-17 Redcap UE. Similarly, a new LCID can be defined for early indication for Rel-18 eRedcap UE. When NW doesn’t enable separate early indication in Msg1, separate early indication in Msg3 should be enabled. Then, all of scheduling restrictions on PDSCH/PUSCH after Msg3 transmission can be applied only for Rel-18 eRedcap UE.
Therefore, option 3 (support separate early indication in both Msg1 and Msg3) is preferred. And, enabling which early indication can be up to NW implementation.
Proposal 7: Support separate early indication in both Msg1 and Msg3.

3 Conclusion
This paper discussed remaining issues for broadcast PDSCH/PUSCH, remaining issues for unicast PDSCH/PUSCH, and UE capability report. Based on the discussions, we have the following proposals:
Proposal #1: Revise previous agreement on RAR PDSCH as following:
·  When the scheduling of RAR PDSCH is larger than the maximum number of unicast PRBs that the UE can process per slot,
· The UE receives the RAR and correspondingly transmits Msg3 if the TDRA for Msg3 in UL grant in RAR indicates that the time between RAR reception and Msg3 transmission is NOT smaller than NT,1 + NT,2 + 0.5 + X ms.
· FFS: value(s) of X
· Otherwise, the UE behavior is up to the UE implementation.
Proposal #2: It is up to UE implementation for reception of SIB1/OSI/Paging PDSCH when the scheduling bandwidth is larger than 5MHz, and no specification impact is expected.
Proposal #3: For unicast PDSCH/PUSCH, frequency resource assignment can be based on 5MHz sub-band to save DCI overhead. Following options can be considered for 5MHz sub-band indication:
Option.1:	5MHz sub-band is indicated in DCI
Option.2:	5MHz sub-band is preconfigured by RRC
Proposal #4: For unicast PDSCH/PUSCH, RBG size should follow 5MHz to provide a finer scheduling granularity.
Proposal 5: Support frequency hopping at least for unicast PUSCH.
Proposal 6: Following unicast PDSCH, the scheduling of Msg4 PDSCH is not allowed to be larger than the maximum number of unicast PRBs that the UE can process per slot if separate early indication either in Msg1 or in Msg3 is supported.
Proposal 7: Support separate early indication in both Msg1 and Msg3.
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