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Background
As per WID [1], demodulation part of FeMIMO WI should be discussed from this meeting. In this contribution, we share our views about the UE FeMIMO demodulation requirements.
Discussion
Here we analysis the feasibility and necessity to define new performance requirements based on the following features defined by RAN1 and RAN 4 core part.
Enhancement on multi-beam
For enhancement on multi-beam, there is mainly five features introduced as following:
1. Unified TCI framework: Support joint TCI and separate DL/UL TCI for the indication of DL large scale QCL properties and UL spatial filter. TCI state can be indicated by using either the existing Rel-15/16 method or the new unified TCI framework. The enhancement is only for QCL/TCI relationship, so there is no any impact on baseband processing.
2. Inter-cell beam management: L1-RSRP of up to 4 beams associated with non-serving cell(s) can be reported in a single CSI reporting instance based on UE capability and network configuration. This feature is related to RRM part and there is no any impact on baseband processing.
3. Dynamic TCI state update signaling medium: DCI-based beam indication with the application time configured by the gNB based on UE capability is supported. It is signalling related and there is no any impact on baseband processing.
4. MP-UE assumption to facilitate fast UL panel selection: Support the UE reporting a list of UE capability value sets, the correspondence between each reported CSI-RS and/or SSB resource index and one of the UE capability value sets in the reported list is determined by the UE (analogous to Rel-15/16) and is informed to NW in a beam reporting instance. This feature is related to RRM and RF part and there is no any impact on baseband processing.
5. MPE mitigation: Besides the existing field in the PHR MAC-CE, up to 4 P-MPR values with corresponding one SSBRI/CRI per P-MPR value can be reported based on UE capability. This feature is related to RF part and there is no any impact on baseband processing.
Above all, we propose to not define any performance requirements for enhancement on multi-beam.
Do not define any performance requirements for enhancement on multi-beam.
Enhancements on Multi-TRP deployment
General
For beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception, there is still no consensus from the RRM and RF part. So we propose to consider FR1 case and FR2 single-panel reception case with high priority and consider FR2 multi-panel simultaneous reception case with low priority. Whether to consider FR2 multi-panel reception simultaneously case should be based on the conclusion from RRM part and RF part discussion.
Consider FR1 case and FR2 single-panel reception case with high priority.
Whether to consider FR2 multi-panel reception simultaneously case should be based on the conclusion from RRM part and RF part discussion.
[bookmark: _Ref91511585]Enhancements on Multi-TRP for PDCCH
For enhancements on Multi-TRP for PDCCH, both non-SFN scheme and SFN scheme are supported. In this sub-clause only non-SFN scheme is discussed, and SFN scheme is discussed in sub-clause 2.2.5.
For non-SFN scheme, PDCCH can be transmitted with two TCI state corresponding to two SS sets associated with corresponding CORESETs. Encoding / rate matching is based on one repetition, and the same coded bits are repeated for the other repetition. Each repetition has the same number of CCEs and coded bits, and corresponds to the same DCI payload. Two PDCCH candidates are explicitly linked together (UE knows the linking before decoding). In our view, this feature is very important to improve PDCCH reliability, we propose to define performance requirements for enhancements on Multi-TRP for PDCCH.
UE can report a value of BD from {2,3}. From the demodulation perspective, for UE reporting the value of 2, UE can decode the first repetition and then perform soft-combining of two repetition if failed to decode the first repetition. For UE reporting the value of 3, UE can decode the first repetition and then decode the second repetition and then perform soft-combining of two repetition if failed to decode both the first and the second repetition.
Here we analysis the performance gain when UE performing soft-combining or not as Figure 2.2.2-1 shows, typical configuration is select from the existing cases defined in TS 38.101-4.
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[bookmark: _Ref91511636]Figure 2.2.2-1 Performance evaluation for soft-combining
There is a great gain by performing soft-combining for non-SFN PDCCH enhancement.
Considering that both FDM and TDM are supported (Only TDM can be supported as per discussion in sub-clause 2.2.1 for FR2), also both intra-slot repetition and intra-span repetition are supported based on RAN 1 design, we propose to define the combined case of them, i.e. 
· FR1 FDM with intra-slot repetition
· FR1 TDM with intra-span repetition
· FR2 TDM with intra-slot repetition
Define PDCCH performance requirements for the following case: 
· FR1 FDM with intra-slot repetition
· FR1 TDM with intra-span repetition
· FR2 TDM with intra-slot repetition
Also, based on RAN 1 design, for both FR1 and FR2, PDSCH should be rate-matched around the union of two PDCCH candidates and the corresponding DMRS if resources of the linked PDCCH candidates overlap with the resources of the corresponding scheduled PDSCH. When two PDCCH candidates with AL8 and AL16 have the same start CCE in a non-interleaved CORESET with one OFDM symbol, there is ambiguity issue that UE cannot distinct the decoded PDCCH candidate is with AL8 and AL16. To solve this issue, RAN1 introduce a mechanism that a scheduled PDSCH by the DCI is rate matched around the AL16 candidate and any PDCCH candidate linked with any of the AL8 or AL16 candidates. Considering that new baseband processing is introduced, we propose to define PDSCH performance requirements to verify whether UE is with proper behaviour of rate matching around the two linked PDCCH.
Define PDSCH performance requirements to verify whether UE is with proper behaviour of rate matching around the two linked PDCCH.
[bookmark: _Ref89164789]Enhancements on Multi-TRP inter-cell operation
For enhancements on Multi-TRP inter-cell operation, based on Rel-15/16 TCI framework, 1 additional SSB associated with different PCI from the serving cell can be used as source RS for TCI state indication as following Figure 2.2.3-1 shows.
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[bookmark: _Ref89164959]Figure 2.2.3-2 Enhancements on Multi-TRP inter-cell operation
From demodulation point of view, there is no new algorithm introduced for baseband processing since the enhancement is only for QCL/TCI relationship. In addition, In Rel-16 multi-TRP of eMIMO WI, all full-overlapping, non-overlapping, partial-overlapping schemes is discussed in RAN4 and finally only performance requirements for non-overlapping scheme is defined considering the UE complexity. In our view, full-overlapping scheme can improve UE performance especially when UE is at the edge of two TRPs. Therefore, we propose to define performance requirement for enhancements on multi-TRP inter-cell operation with full-overlapping resource allocation.
Define performance requirement for enhancements on multi-TRP inter-cell operation with full-overlapping resource allocation.
Enhancements on beam management for multi-TRP
For enhancements on beam management for multi-TRP, single CSI-report consisting of no more than 4 beams pairs and 2 beams per pair is supported, and different beams within a pair can be received simultaneously. For our understanding, this feature is related to RRM enhancement and there is no impact on baseband processing. In addition, multi-panel reception is still under discussion in RRM and RF part as we state in sub-clause 2.2.1. Therefore, we propose to not define any performance requirement for enhancements on beam management for multi-TRP.
Do not define any performance requirement for enhancements on beam management for multi-TRP.
[bookmark: _Ref88489278]Enhancements on HST-SFN deployment
In Rel-16, HST-SFN scenario channel model was defined in RAN4 with 4 RRH visible simultaneously. With the legacy TCI framework, only one TCI state is configured for PDCCH/PDSCH so UE can only see combined path and cannot distinguish each path transmitted from different TRP. UE has to track carrier frequency to the certain value between that of the received all paths from different TRP, regarding the propagation condition as large Doppler spread channel which cause the performance degradation. As per RAN4 evaluation in Rel-16, MCS 17 cannot be achieved with rank 2 for HST-SFN channel model. To improve the performance under HST-SFN deployment, two enhanced schemes are introduced in Rel-17 as following:
Scheme A (SFN with distributed TRS)
For Scheme A, two different TCI states associated with different TRS is transmitted from different TRPs, as Figure 2.2.5-1 shows. From perspective of frequency domain, channel knowledge obtained by the UE is more like two impulse response with different power and frequency shift rather than the legacy U-shape. With more accurate channel estimation, better performance can be expected for Scheme A compared to the legacy Rel-16 HST-SFN. However, performance is still significantly degraded due to ICI, especially for the middle area between two TRPs. The evaluation results between Scheme A and Normal SFN are shown in the following Figure 2.2.5-3. The SNR is defined relative only to the reference point closest to TRP in our evaluation.
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[bookmark: _Ref89157561]Figure 2.2.5-3 HST-SFN with distributed TRS
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[bookmark: _Ref91061696]Figure 2.2.5-4 Evaluation results between Scheme A and Normal SFN
Better performance can be achieved for Scheme A comparing to the normal SFN, with the performance degradation when UE is at the middle place between two TRP due to ICI.
Considering that Scheme A provide large performance gain comparing to the normal SFN, we propose to define PDSCH performance requirements for Scheme A for HST scenario. For the propagation condition, we can reuse the existing Rel-16 HST-SFN channel model (Ds=700m, Dmin=150m) with removing the two furthest paths corresponding to the two furthest TRP. Also, to improve the maximum throughput, MCS 17 with rank 2 can be used as a starting point.
Define PDSCH performance requirements for Scheme A for HST scenario.
For test setup of Scheme A PDSCH case for HST scenario, reusing the existing Rel-16 HST-SFN channel model (Ds=700m, Dmin=150m) with removing the two furthest paths corresponding to the two furthest TRP.
For test setup of Scheme A PDSCH case for HST scenario, MCS 17 with rank 2 can be used as a starting point.
Scheme B (TRP-based frequency offset pre-compensation)
For Scheme B, TRP pre-compensates frequency offset of the downlink data based on uplink signal transmitted by UE. Doppler (shift/spread) information is provided from one TCI state while delay (average/spread) information is provided from two TCI states. It requires more UE implementation complexity for baseband processing. The detailed carrier frequency variation for TRP-based frequency offset pre-compensation is shown in the following Table 2.2.5-1, assuming that the target carrier frequency is , the crystal oscillator error is  and  for TRP#1 and TRP#2 respectively, the one-way channel Doppler is  and  for TRP#1 and TRP#2 respectively. In addition, considering that per-UE pre-compensation for TRS will cause large amount of overhead, the carrier frequency of TRS transmitted from different TRP is constant, that means only PDCCH and PDSCH is pre-compensated.
[bookmark: _Ref89157654][bookmark: _Ref89164870]Table 2.2.5-1 Detail carrier frequency variation for Scheme B
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We can see that after TRP-based frequency offset pre-compensation, there is still  frequency difference at the UE side. As per TS 38.104, only Wide Area BS and Medium Range BS is supported for HST scenario, and the maximum allowed frequency error accuracy at the BS side is ±0.05 ppm and ±0.1 ppm for Wide Area BS and Medium Range BS respectively. For the worst case, the frequency offset for two TRP can be 0.4 ppm assuming that  is equal to +0.1 ppm and  is equal to -0.1ppm. With Rel-16 assumption, the corresponding frequency offset value is 752Hz and 1440Hz @ 1.88GHz and 3.6GHz carrier frequency for 15kHz and 30kHz SCS respectively.
Assuming one of two TRP as reference TRP, the following BS implementation of frequency offset between two TRP is for evaluation:
· Perfect (0 ppm comparing to the reference TRP)
· Better (+0.1 ppm comparing to the reference TRP)
· Normal (+0.2 ppm comparing to the reference TRP)
· Worse (+0.3 ppm comparing to the reference TRP)
· Worst (+0.4 ppm comparing to the reference TRP)
The evaluation results on performance difference for different BS implementation are shown as following:
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Figure 2.2.5-5 Evaluation results between Scheme B and Normal SFN
Better performance can be achieved for Scheme B comparing to the normal SFN.
There is large UE performance difference for Scheme B between different BS implementation of frequency offset between two TRP.
Considering that Scheme B provide large performance gain comparing to the normal SFN, we propose to define PDSCH performance requirements for Scheme B for HST scenario. For the propagation condition, we can reuse the existing Rel-16 HST-SFN channel model (Ds=700m, Dmin=150m) with removing the two furthest paths corresponding to the two furthest TRP. In addition, we propose to select typical network implementation and consider the network implementation as a part of channel model (i.e. specify the function between the time and the pre-compensation value) to make sure TE implementation of pre-compensation has no impact on the UE performance during the test. Also, to improve the maximum throughput, MCS 17 with rank 2 can be used as a start point.
Define PDSCH performance requirements for Scheme B for HST scenario.
For test setup of Scheme B PDSCH case for HST scenario, reusing the existing Rel-16 HST-SFN channel model (Ds=700m, Dmin=150m) with removing the two furthest paths corresponding to the two furthest TRP.
For test setup of Scheme B PDSCH case for HST scenario, select typical network implementation and consider the network implementation as a part of channel model (i.e. specify the function between the time and the pre-compensation value) to make sure TE implementation of pre-compensation has no impact on the UE performance during the test.
For test setup of Scheme B PDSCH case for HST scenario, MCS 17 with rank 2 can be used as a start point.
PDCCH
For PDCCH enhancement for SFN, the above two schemes can also be used. In Rel-16 HST WI, there is no PDCCH performance requirements defined since companies say that there is no necessity to define PDCCH requirements for HST scenario considering that PDCCH should be fine if we can support PDSCH for HST scenario. Also, RAN1 supports to combine Scheme A PDCCH and Rel-15 normal PDSCH as a UE optional feature for URLLC use case only. Therefore, we propose to not define any PDCCH requirements for HST scenario but define PDCCH requirements for Scheme A for non-HST scenario.
Do not define any PDCCH requirements for HST scenario but define PDCCH requirements for Scheme A for non-HST scenario.
Enhancements on CSI
For enhancements on CSI, new codebook is designed based on FDD angle and delay reciprocity. The codebook structure is derived from Rel-16 eType II port selection codebook, i.e. , in which  is port selection matrix,  is a linear combination coefficient matrix,  is DFT based compression matrix. The gNB estimate angle and delay information from the UL reference signal based on angle and delay reciprocity, and then beamforming different CSI-RS port with corresponding angle and delay information respectively to make UE to obtain coefficients according to the specific delay position. The new port selection codebook can reduce the measurement complexity and feedback overhead, at the same time some limitations such as number of selected ports, minimum frequency granularity can be relaxed. In our view, the beamforming operation is related to gNB implementation and greatly affect the accuracy of the precoding matrix, it is not reasonable to define such requirements. Also, in Rel-15 and Rel-16, there is no any performance requirements for port selection codebook defined. So we propose to not define performance requirements for Rel-17 port-selection codebook.
Do not define performance requirements for Rel-17 port-selection codebook.
For CSI measurement associated to a reporting setting for NCJT, the UE can be configured with two CMR groups corresponding to two different TRP within a single CSI-RS resource set and configured with at most two CMR pairs used for NCJT measurement hypothesis whereas the CMR pairs select from different CMR groups. Rel-16 single-DCI based multi-TRP scheme (scheme 1a) is supported and UE is required to report two RIs, two PMIs, two LIs and one CQI per codeword. From demodulation perspective, this feature is important to improve CSI reporting accuracy under multi-TRP scenario so we propose to define CQI, PMI, RI reporting cases for single-DCI based multi-TRP scheme.
For the reporting method, following two method are supported:
· Report X CSIs associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis, X=0, 1, 2
· Report one CSI associated with the best one among NCJT and single-TRP measurement hypotheses
For the first reporting method, considering that UE additional reporting CSI associated with single-TRP measurement hypotheses is optional UE feature, X=1 or 2 should not be considered, that means UE only report one CSI associated with NCJT measurement hypothesis. For the second reporting method, the scheduling scheme can be based on UE reporting the best one measurement hypotheses. However, the single-TRP measurement hypotheses-based CSI reporting cases have been verified by the existing cases and there is no necessity to duplicate the test.
As above, we propose to only consider the first reporting method with X=0 for CSI reporting requirement. Number of antenna port, reporting granularity, CSI-RS resource type (P/AP), CSI-RS reporting type (P/AP), test metric, etc. can be reused from the existing CSI reporting cases, i.e. configuration of 4+4/8+8/16+16 port case is corresponding to that of the existing 8/16/32 port case.
For Rel-17 CSI measurement enhancement, define CQI, PMI, RI reporting cases for single-DCI based multi-TRP scheme.
Only consider the first reporting method with X=0 for CSI reporting requirement.
Number of antenna port, reporting granularity, CSI-RS resource type (P/AP), CSI-RS reporting type (P/AP), test metric, etc. can be reused from the existing CSI reporting cases, i.e. configuration of 4+4/8+8/16+16 port case is corresponding to that of the existing 8/16/32 port case.
Proposals
In this contribution, we discuss on UE demodulation requirements for FeMIMO mTRP. Our observations and proposals are:
1. There is a great gain by performing soft-combining for non-SFN PDCCH enhancement.
1. Better performance can be achieved for Scheme A comparing to the normal SFN, with the performance degradation when UE is at the middle place between two TRP due to ICI.
Better performance can be achieved for Scheme B comparing to the normal SFN.
There is large UE performance difference for Scheme B between different BS implementation of frequency offset between two TRP.
1. Do not define any performance requirements for enhancement on multi-beam.
Consider FR1 case and FR2 single-panel reception case with high priority.
Whether to consider FR2 multi-panel reception simultaneously case should be based on the conclusion from RRM part and RF part discussion.
Define PDCCH performance requirements for the following case: 
· FR1 FDM with intra-slot repetition
· FR1 TDM with intra-span repetition
· FR2 TDM with intra-slot repetition
Define PDSCH performance requirements to verify whether UE is with proper behaviour of rate matching around the two linked PDCCH.
Define performance requirement for enhancements on multi-TRP inter-cell operation with full-overlapping resource allocation.
Do not define any performance requirement for enhancements on beam management for multi-TRP.
Define PDSCH performance requirements for Scheme A for HST scenario.
For test setup of Scheme A PDSCH case for HST scenario, reusing the existing Rel-16 HST-SFN channel model (Ds=700m, Dmin=150m) with removing the two furthest paths corresponding to the two furthest TRP.
For test setup of Scheme A PDSCH case for HST scenario, MCS 17 with rank 2 can be used as a starting point.
Define PDSCH performance requirements for Scheme B for HST scenario.
For test setup of Scheme B PDSCH case for HST scenario, reusing the existing Rel-16 HST-SFN channel model (Ds=700m, Dmin=150m) with removing the two furthest paths corresponding to the two furthest TRP.
For test setup of Scheme B PDSCH case for HST scenario, select typical network implementation and consider the network implementation as a part of channel model (i.e. specify the function between the time and the pre-compensation value) to make sure TE implementation of pre-compensation has no impact on the UE performance during the test.
For test setup of Scheme B PDSCH case for HST scenario, MCS 17 with rank 2 can be used as a start point.
Do not define any PDCCH requirements for HST scenario but define PDCCH requirements for Scheme A for non-HST scenario.
Do not define performance requirements for Rel-17 port-selection codebook.
For Rel-17 CSI measurement enhancement, define CQI, PMI, RI reporting cases for single-DCI based multi-TRP scheme.
Only consider the first reporting method with X=0 for CSI reporting requirement.
Number of antenna port, reporting granularity, CSI-RS resource type (P/AP), CSI-RS reporting type (P/AP), test metric, etc. can be reused from the existing CSI reporting cases, i.e. configuration of 4+4/8+8/16+16 port case is corresponding to that of the existing 8/16/32 port case.
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