[bookmark: _Hlk4135959]
[bookmark: _Hlk772559]3GPP TSG RAN WG1 Meeting #108-e	R1-2201405
e-Meeting, February 21th – March 3rd, 2022

Agenda item:		8.6.1.2
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Source:	Nokia, Nokia Shanghai Bell
[bookmark: _Hlk68529604]Title:	Other UE Complexity Reduction Aspects 
Document for:		Discussion and Decision
Introduction
[bookmark: _Hlk525462591]In Rel-17 WI for reduced capability devices [1], UE complexity reduction features are to be specified. Four aspects are considered in this agenda item – HD-FDD operation, reduced number of Rx branches, minimum number of DL MIMO layers, and relaxed maximum modulation order.
In RAN1#107-e, the following agreements were made –
Agreement
· For Case 5 of dynamically scheduled UL transmission vs. SSB, support Option 2 at least for dynamically scheduled UL transmission other than Msg3 (re)transmission and PUCCH for Msg4
· Option 2: Reuse the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over dynamically scheduled UL transmission

Agreement
· For MsgA PUSCH occasion overlapping with dynamic or semi-static DL reception, leave it to UE implementation to prioritize the DL reception or MsgA PUSCH transmission

Agreement
· For the case of the “back-to-back” non-overlapping UL/DL without sufficient gap between cell specific configured DL and cell-specific configured UL, e.g., SSB or PDCCH in CSS vs. valid RO, it is up to UE implementation to ensure that the switching time is satisfied

[bookmark: _Hlk88171850]Agreement
      The “back-to-back” non-overlapping UL/DL without sufficient gap between cell-specific configured DL and dedicated configured UL may happen, i.e., allowed for HD-FDD UEs
· E.g., SSB vs. CG PUSCH, PUCCH or SRS
· Configured UL transmission is cancelled (as in the overlapping case)
· The “back-to-back” non-overlapping UL/DL without sufficient gap between dedicated configured DL and cell-specific configured UL may happen, i.e., allowed for HD-FDD UEs
· E.g., PDCCH in USS, SPS PDSCH, CSI-RS or DL PRS vs. valid RO
· Leave it to UE implementation to cancel either DL reception or UL transmission to ensure sufficient switching time
In this contribution, we address remaining issues related to complexity reduction.
HD-FDD
For HD-FDD, there is only one remaining issue –
· Collision handling between SSB and Msg3 or PUCCH in response to Msg4/MsgB for HD-FDD UE 

In previous meetings, it has been agreed that –
· RAN1#106-e
· For Case 5 of SSB overlaps with configured UL transmission, the configured UL transmission includes PUCCH transmission configured by higher layers
· Note: The UL transmission indicated by DCI is supposed to be dynamic UL transmission.
· RAN1#107-e
· For Case 5 of dynamically scheduled UL transmission vs. SSB, support Option 2 at least for dynamically scheduled UL transmission other than Msg3 (re)transmission and PUCCH for Msg4
· Option 2: Reuse the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over dynamically scheduled UL transmission
In the case of collision handling between SSB and Msg3 or PUCCH in response to Msg4/MsgB, our preference is to use the same behavior defined for other UL transmissions and prioritize the SSB. It is true that the gNB does not yet know during random access whether the UE is a HDD RedCap UE. Therefore, for cells that support HDD RedCap UE, the gNB would have to try to avoid Msg3/PUCCH transmission during SSB. While this introduces scheduling restriction, our view is that this can be managed in a straightforward manner by the gNB (i.e. similar to avoiding other UL transmissions overlapping with SSB for HDD UE). Alternately, the gNB can still schedule Msg3/PUCCH without regard to SSB (i.e. no scheduling restriction). This may result in some missing Msg3/PUCCH transmissions from HDD RedCap UE. While this is not preferred, the gNB is already equiped to handle these potential missing UL transmissions (i.e. due to UE not being able to decode the PDCCH or PUCCH mis-detection). Therefore we prefer to prioritize the SSB to have the same behavior for all scenarios where the SSB collides with UL transmission.
Proposal 1: In the case of collision between SSB and Msg3 or PUCCH in response to Msg4/MsgB, SSB is prioritized.
Reduced minimum number of Rx branches
Two open issues with respect to reduced number of Rx branches as discussed in RAN1#105-e [3] are PDCCH blocking and DCI optimization. Key points include (1) whether new solutions are required to address potential PDCCH blocking and (2) whether the DCI can be optimized (due to reduced capability and also to address potential PDCCH blocking).
PDCCH Blocking
A key reason cited for increased PDCCH blocking is due to the need to use higher aggregation level for RedCap PDCCH. The extent of this increase, however, depends on cell deployment scneario and the underlying link budget. If, for example, the cell is deployed such that the PDCCH performance is significantly better than the bottleneck channel, then most RedCap UEs will still use AL of 1 or 2 and the PDCCH blocking is not expected to increase significantly beyond the natural increase due to having to support more UEs in the cell. In [4], the issue of PDCCH blocking was analyzed and it was observed that –
· Link budget analysis shows that, in most deployment scenarios, UEs will not require high PDCCH aggregation levels even with reduced Rx braches and reduced antenna efficiency.
· Based on our analysis, PDCCH blocking is not expected to be an issue because of RedCap UE. In addition, if necessary, existing methods can be used to significantly reduce PDCCH blocking.
In RAN1#106-e, the following options were considered for PDCCH blocking –
· Alt.1: No new solutions.
· Alt.2: Additional CORESET in separate initial DL BWP can be configured for Redcap UE to reduce PDCCH blocking rate during initial access. Note that some further optimization may be possible by introducing CORESET configuration and adaptation as a function of the DRX and onDuration (e.g. by progressively reducing the search space size in the onDuration to reduce overhead).
· Alt.3: Support link adaptation on PDCCH.
· Alt.4: Support RACH-based or CG-based SDT for RedCap UE in initial BWP.
· Alt.5: For initial access, dedicated search space for RedCap UEs could be defined to reduce PDCCH blocking in case of shared initial DL BWP.
· Alt.6: Multi-TB scheduling.
· Alt.7: Multi-UE activation of SPS or UL grant Type 2 configuration.
Based on the analysis presented in [4], we therefore note that PDCCH blocking is not expected to be an issue with the introduction of RedCap UE. In addition, existing solutions can be used to mitigate PDCCH blocking if needed and therefore no new solution is needed specifically for PDCCH blocking.
Note that in RAN1#106bis-e, it has been agreed as a working assumption that a separate initial DL BWP can be configured for RedCap UE. These means that a separate CORESET can be configured RedCap. Thus, any potential PDCCH blocking can be minimized.
Observation 1: Existing solutions can be used to mitigate PDCCH blocking if needed and no new solution is needed to address PDCCH blocking.
DCI optimization
DCI optimization was also considered in RAN1#105-e  and RAN1#106-e with the assertion that this may improve performance and reduce PDCCH blocking. Several techniques were proposed, namely –
· For non-fallback DCI format, remove the following fields –
· UL: Carrier indicator, UL/SUL indicator, Precoding information and number of layers, CBG transmission
· information (CBGTI), 2nd downlink assignment index, PTRS-DMRS association, SCell dormancy indication.
· DL: Carrier indicator, UL/SUL indicator, Modulation and coding scheme for TB1, New data indicator for TB1, Redundancy version for TB1, SCell dormancy indication, CBG transmission information (CBGTI), CBG flushing out information (CBGFI).
· Introduce new RRC parameters to indicate the RV sequence used for PDSCH/PUSCH transmission in compact DCI formats applicable to RedCap UE.
· Redcap UE always assume MCS/NDI/RV of TB2 is not presence to avoid the need of RRC signaling.
· Reduce MCS field by 1-2 bits for DCI format x_2 for RedCap UEs due to small TB size. This is similar as eMTC.
In our understanding, DCI fields that are not necessary for RedCap UE can already be reduced to 0 bit by configuration. Therefore, there is no need to further consider removing these fields as proposed above. With respect to the introduction of new RRC parameters to indicate the RV sequence used for PDSCH/PUSCH transmission in compact DCI formats applicable to RedCap UE, we do not think it is necessary to further optimize the compact DCI for RedCap, given that it is optionally supported.
We therefore propose that DCI optimization is not considered at least for reduced number of Rx branches and PDCCH blocking.
Conclusions
In this contribution, we consider other remaining aspects of UE complexity reduction and make the following proposal and observation –
Proposal 1: In the case of collision between SSB and Msg3 or PUCCH in response to Msg4/MsgB, SSB is prioritized.
Observation 1: Existing solutions can be used to mitigate PDCCH blocking if needed and no new solution is needed to address PDCCH blocking.
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