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Introduction
In RAN#86 meeting, a new WID [1] of ‘Further enhancements on MIMO for NR’ was approved. The detailed objectives for RAN1 are as follows.
	· Extend specification support in the following areas [RAN1]
1. Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1: 
0. Identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management to support higher intra- and L1/L2-centric inter-cell mobility and/or a larger number of configured TCI states:
0. Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
0. Unified TCI framework for DL and UL beam indication
0. Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
0. Identify and specify features to facilitate UL beam selection for UEs equipped with multiple panels, considering UL coverage loss mitigation due to MPE, based on UL beam indication with the unified TCI framework for UL fast panel selection 
1. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
1. [bookmark: _Hlk46758995]Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
1. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
1. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
1. Enhancement to support HST-SFN deployment scenario:
3. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
3. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework
1. Enhancement on SRS, targeting both FR1 and FR2:
2. Identify and specify enhancements on aperiodic SRS triggering to facilitate more flexible triggering and/or DCI overhead/usage reduction
2. Specify SRS switching for up to 8 antennas (e.g., xTyR, x = {1, 2, 4} and y = {6, 8})
2. Evaluate and, if needed, specify the following mechanism(s) to enhance SRS capacity and/or coverage: SRS time bundling, increased SRS repetition, partial sounding across frequency
1. Enhancement on CSI measurement and reporting:
3. Evaluate and, if needed, specify CSI reporting for DL multi-TRP and/or multi-panel transmission to enable more dynamic channel/interference hypotheses for NCJT, targeting both FR1 and FR2
3. Evaluate and, if needed, specify Type II port selection codebook enhancement (based on Rel.15/16 Type II port selection) where information related to angle(s) and delay(s) are estimated at the gNB based on SRS by utilizing DL/UL reciprocity of angle and delay, and the remaining DL CSI is reported by the UE, mainly targeting FDD FR1 to achieve better trade-off among UE complexity, performance and reporting overhead



In this contribution, we discuss the item 2-a for reliability and robustness enhancements for simultaneous multi-TRP transmission, including PDCCH, PUSCH, and PUCCH.

Reliability and robustness enhancement for MTRP 
In NR Rel-16, different repetition schemes are discussed and supported for PDSCH repetition over multiple TRPs. In NR Rel-17, other channels, e.g., PDCCH, PUSCH, and PUCCH should be further discussed for reliability and robustness enhancement for MTRP transmission.
PDCCH repetition over multiple TRPs
Link-level simulation is performed to evaluate the performance gain of PDCCH repetition over multiple TRPs. The simulation assumptions are given in Table A-1. At the receiver, two ways of handling repetitions are considered; one is soft combining, the other is selection (i.e., decoded individually and if at least one is correctly decoded, the PDCCH is considered as successfully received). Fig.1 shows the performance of 4GHz for following two cases. 
· Case 1: single PDCCH with AL=8, 2 repetitions using AL=4 with soft-combining and selection
· Case 2: single PDCCH with AL=16, 2 repetitions using AL=8 with soft-combining and selection
The results show that the BLER performances of 2 repetitions using AL=4 with soft combining outperforms that of single PDCCH with AL=8. It also can be observed for Case 2, of which AL=8 with soft combining obtains better performance than single PDCCH with AL=16. With lower BLER e.g. BLER=10-5, the gain becomes bigger. Specifically, for Case 1, the required SNR for achieving BLER=10-5 for AL4 x 2 with precoder-cycling is 1.0 dB lower than that for AL8. For Case 2, improvement of 1.0 dB is observed between AL8 x 2 with precoder-cycling and AL16. In contrast to soft combining, the BLER performances of 2 repetitions using AL=8 with selection does not outperform that of single PDCCH with AL=16 when BLER is higher than 10-4. However, when it comes to BLER lower than 10-5, AL8 x 2 with precoder-cycling achieves similar performance to AL16.
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Case 1	                           			  Case 2
Figure 1	BLER performances of PDCCH repetitions.

Observation 1:
· Compared with single-TRP transmission, PDCCH repetitions over 2 TRPs with soft combining requires 1.0 dB lower SNR for achieving BLER=10-5. 

To support PDCCH repetition over multiple TRPs, following methods can be discussed and considered.
Alt.1: A CORESET is configured with multiple TCI states. 
Alt.2: A search space is associated with multiple CORESETs.
In Alt.1, a DCI can be transmitted on the same PDCCH candidate resource with different TRPs/beams. For this CDM repetition scheme, UE capability of simultaneous reception of multiple beams (e.g., 2) is required. In Alt.2, a DCI can be transmitted on a PDCCH candidate associated with a CORESET on the first TRP, and on another PDCCH candidate associated with the other CORESET on the second TRP, etc. For non-overlapping CORESET configurations among TRPs, TDM and/or FDM PDCCH repetition can be realized. For FDM repetition scheme, UE capability of simultaneous reception of multiple beams is also required.

Proposal 1:
· Further discuss following methods for PDCCH repetition over multiple TRPs,
· A CORESET is configured with multiple (e.g., 2) TCI states;
· A search space is associated with multiple (e.g., 2) CORESETs.

PUSCH repetition over multiple TRPs
[bookmark: _Hlk47365974]Link-level simulation is performed to evaluate the performance gain of PUSCH repetition over multiple TRPs. The simulation assumptions are given in Table A-2. Fig.2 shows the performance of 4GHz and 30GHz with blockage. It is observed that for both FR1 and FR2, PUSCH repetitions across multiple TRPs can achieve significant performance gain over single PUSCH transmission at lower BLER target. And the performance gain becomes larger with the increased number of TRPs. For 4GHz, the required SNR for achieving BLER=10-4 for 2/4 repetitions is around 0.8/1.4 dB lower than that without repetitions. For 30GHz, with consideration of blockage, the required SNR for achieving BLER=10-4 for 2/4 repetitions is around 8.5/12 dB lower than that without repetitions.
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Figure 2 Performance of PUSCH repetitions for 1, 2, and 4 TRPs (left: 4GHz, right: 30GHz).
Observation 2:
· Compared with single-TRP transmission, PUSCH repetitions over 2/4 TRPs requires 0.8/1.4 dB lower SNR for achieving BLER=10-4 for 4GHz, and 8.5/12 dB lower SNR for achieving BLER=10-4 for 30GHz with consideration of blockage.

For PUSCH repetitions across multiple TRPs, both single-DCI and multi-DCI based M-TRP PUSCH Tx can be studied. For multi-DCI based MTRP PUSCH Tx, different resource allocations as well as different SRIs can be indicated in DCIs from different TRPs. For single-DCI based M-TRP PUSCH Tx, the DCI needs to be enhanced to indicate at least multiple SRIs in a single DCI, so that different beams can be applied across repetitions for different TRPs.
To support single-DCI based MTRP PUSCH Tx, both codebook based and non-codebook based PUSCH Tx should be considered. For codebook based PUSCH Tx, different beams via SRIs can be indicated and applied across repetitions. For non-codebook based PUSCH Tx, different precoders for each layer via SRIs can be indicated and applied across repetitions. Hence, to support both codebook and non-codebook based PUSCH repetition, each codepoint of SRI field in DCI can be mapped to a sequence of SRIs, which can be configured by RRC signaling and activated by MAC CE.
[bookmark: _Hlk47531997]In addition to SRI indication, TPC command indication may also need enhancement. In Rel-16 PUSCH power control, TPC command in UL scheduling DCI adjusts PUSCH Tx power in the corresponding close loop index l. If SRI-PUSCH-PowerControl is provided, closed loop index l is determined from the SRI field indicated in DCI and the mapping between SRI values and l values configured via RRC. Based on above discussion, for single-DCI based MTRP PUSCH Tx, different SRIs can be indicated and applied across repetitions. Considering different channel conditions between UE and different TRPs, separate close loop power control is needed for different TRPs, e.g. different SRIs are mapped to different close loop index l. Thus, for single-DCI based MTRP PUSCH Tx, TPC command field in DCI format for UL grant needs to be enhanced to indicate multiple TPC commands corresponding to multiple close loop index.
Proposal 2:
· To support PUSCH repetition over MTRPs, both single-DCI based and multi-DCI based MTRP transmission can be studied.
· For single-DCI based MTRP PUSCH transmission, enhancements on SRI and TPC command indications can be considered.

PUCCH repetition over multiple TRPs
To support PUCCH repetition over multiple TRPs, different spatial relation info across PUCCH repetitions should be configured/indicated. Following two options can be considered.
Option 1: the same PUCCH resource is used for repetitions with multiple spatial relations for a PUCCH resource.
Option 2: different PUCCH resources can be indicated for repetitions.
In Option 1, multiple spatial relation info can be configured or activated for a PUCCH resource. If PUCCH repetition over multiple TRPs is enabled, the indicated multiple spatial relation info for the indicated PUCCH resource shall be applied to each PUCCH repetition. The multiple spatial relation info can be also configured or activated across multiple PUCCH resources, e.g, for a set of PUCCH resources or for all the PUCCH resources on a BWP, to reduce the signaling overhead.
In Option 2, a PUCCH resource is configured/activated with a spatial relation info like Rel-16 but multiple PUCCH resources can be indicated for different repetitions. In that case, the PUCCH resource indicator field in DCI for DL grant needs to be enhanced to indicate multiple PUCCH resources.
In addition to spatial relation indication, TPC for PUCCH may also need enhancement. For PUCCH TPC, the closed loop index l is determined from the spatial relation of the indicated PUCCH resource based on the mapping between spatial relation and l values. Separate close loop power control is needed for different TRPs. Thus, the TPC command field for PUCCH in DCI format for DL grant needs to be enhanced to correspond to multiple close loop index.

Proposal 3:
· For PUCCH repetition over multiple TRPs, following options can be considered:
· Option 1: the same PUCCH resource is used for repetitions with multiple spatial relations for a PUCCH resource.
· Option 2: different PUCCH resources can be indicated for repetitions.
· For PUCCH repetition over multiple TRPs, enhancement on TPC command for PUCCH can be considered. 

Conclusion
In this contribution, we discussed the reliability and robustness enhancements for simultaneous multi-TRP transmission for PDCCH, PUSCH, and PUCCH. We have following observations and proposals.
Observation 1:
· Compared with single-TRP transmission, PDCCH repetitions over 2 TRPs with soft combining requires 1.0 dB lower SNR for achieving BLER=10-5. 
Observation 2:
· Compared with single-TRP transmission, PUSCH repetitions over 2/4 TRPs requires 0.8/1.4 dB lower SNR for achieving BLER=10-4 for 4GHz, and 8.5/12 dB lower SNR for achieving BLER=10-4 for 30GHz with consideration of blockage.

Proposal 1:
· Further discuss following methods for PDCCH repetition over multiple TRPs,
· A CORESET is configured with multiple (e.g., 2) TCI states;
· A search space is associated with multiple (e.g., 2) CORESETs.
Proposal 2:
· To support PUSCH repetition over MTRPs, both single-DCI based and multi-DCI based MTRP transmission can be studied.
· For single-DCI based MTRP PUSCH transmission, enhancements on SRI and TPC command indications can be considered.
Proposal 3:
· For PUCCH repetition over multiple TRPs, following options can be considered:
· Option 1: the same PUCCH resource is used for repetitions with multiple spatial relations for a PUCCH resource.
· Option 2: different PUCCH resources can be indicated for repetitions.
· For PUCCH repetition over multiple TRPs, enhancement on TPC command for PUCCH can be considered. 
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Appendix

· Table A-1: Link level simulation assumptions for PDCCH
	Parameter
	Value

	Carrier Frequency
	4 GHz

	Sub-carrier Spacing
	30kHz

	Path-loss modeling
	0 dB gap between TRPs

	Modulation
	QPSK

	Channel Coding
	Polar code

	DCI payload
	40+24(CRC)=64

	Aggregation Level
	4, 8, 16

	Control Resource Set (CORESET) configuration
	Time-domain duration
	1 OFDM symbol

	
	CORESET Bandwidth
	20 MHz

	
	CCE-to-REG mapping
	Interleaved (Interleaver row: 2)

	
	REG-bundle size
	6

	
	Precoder granularity
	REG-bundle

	
	Resource mapping
	Distributed transmission

	Transmission Diversity Scheme
	1-port Precoder Cycling

	DMRS density
	1/4; symbol #1, #5, #9 within each REG

	Channel Model
	TDL-C, UE spread 3 km/h
Delay spread: 30 ns for 4 GHz

	gNB antenna configuration
	2Tx

	UE antenna configuration
	4Rx for 4GHz

	Channel Estimation
	MMSE

	Noise Estimation
	Ideal



· Table A-2: Link level simulation assumptions for PUSCH
	Parameter
	Value

	Carrier frequency
	4GHz
	30GHz

	Subcarrier-spacing
	30kHz
	120kHz

	Path-loss modeling
	0 dB gap between TRPs

	TBS
	32 Bytes

	MCS
(MCS table 3 is used)
	For 1 TRP: MCS2
For 2 TRPs: MCS 6
For 4 TRPs: MCS 9

	Number of RBs
	For 1 TRP: 31 RBs 
For 2 TRPs: 31 RBs
For 4 TRPs: 29 RBs

	Number of symbols
	For 1 TRP: 8 symbols x 1 repetition
For 2 TRPs: 4 symbols x 2 repetitions
For 4 TRPs: 2 symbols x 4 repetitions

	DMRS
	DMRS configuration Type 1
For 4 TRPs: FDM between DMRS and UL-SCH

	PDSCH mapping Type
	PUSCH mapping Type B

	Frequency-hopping
	Not used

	Channel estimation
	MMSE

	No. of BS antennas
	4
	2

	No. of UE antennas
	4
	2

	Channel model
	TDL-C (DS=100ns)
	CDL-A (DS=20ns) with blockage model A

	UE speed
	3km/h
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