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1 Introduction
The WID for further enhancements on MIMO for NR was approved in RAN#86[1], with the following objectives to enhance multi-TRP/panel transmission: 
2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. 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 
In this contribution, the potential enhancements to PDCCH, PUSCH, and PUCCH using multi-TRP are discussed.
2 Overview of previously supported transmission schemes
In Rel-16, repetition schemes are supported for PDSCH transmission including SDM based repetition, FDM based repetition and TDM based repetition, as shown in Figure 1. During the discussion in Rel-16, companies have provided evaluations and analysis over these schemes as summarized in [2], which can be a reference for Rel-17 design.
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Figure 1: Specified PDSCH transmission schemes in R16
SDM/FDM schemes are considered to be able to achieve a lower latency. And compared with SDM, FDM has the benefits that there’s no inter-layer interference and power boosting can be utilized, while SDM normally achieves a larger spectral efficiency. TDM scheme is typically assumed to be useful in FR2, especially when the UE is not able to receive multiple beams simultaneously. Different types (2a/2b) of FDM scheme can be used in different channel conditions, e.g., multi-RV version may have better self-decoding gain to combat blockage. In addition, companies also provided simulation results showing that SFN may not work well as signals from multiple TRPs may have destructive effects in the air.
For PUSCH, reliability enhancement was discussed in R15 and R16 with corresponding schemes specified, as shown in Figure 2. 
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Figure 2: Specified PUSCH transmission schemes in R15/16
In Rel-15, PUSCH repetition based on slot aggregation is supported, where the same time and frequency resource allocation indicated in DCI is used in consecutive slots, as shown in Fig.2. The same precoder is applied across the repetitions. In Rel-16, PUSCH mini-slot repetition has also been supported in URLLC to increase reliability with low latency. A nominal PUSCH would be split into multiple actual PUSCHs due to the slot boundary or invalid symbols. 
However, only time domain repetition and the same precoder are considered for PUSCH, which can be further enhanced in multi-TRP deployment.
Channels other than PDSCH/PUSCH, i.e. PDCCH/PUCCH, have more diverse factors to consider to enhance the reliability/robustness, e.g. transmitter/receiver behaviour, power control etc.
3 Reliability/Robustness enhancement with Multi-TRP/Panel transmission
3.1 PDCCH enhancements
Multi-TRP transmission is known as an efficient method to improve the robustness. In this section, how the robust/reliability of PDCCH is enhanced by multi-TRP transmission is analysed, which is also verified by evaluation results.
Generally, cell edge UEs are the main targets of multi-TRP transmission. For these UEs, PDCCH with higher aggregation level will be normally scheduled, e.g. aggregation level 4, 8, or 16. For such aggregation levels, all the lengths of mother code are 512 and the coding rates are very low. Therefore, there is no further coding gain by using larger AL by single TRP, while multi-TRP with low correlations can bring the benefits of channel diversity.
Moreover, single TRP may encounter PDCCH congestion so that there’re not enough resources for a large AL for a certain UE. In such cases, coordinating the PDCCH resources from multiple TRPs can have better performance.
Besides channel diversity applied to both FR1 and FR2, multi-TRP transmission can further resist the channel blockage in FR2. The blockage effect can be modelled as p probability with xdB loss as agreed in R16 and R17 EVM email discussion. With multiple links from multi-TRPs, the chances of deep fading is reduced significantly (from probability p to p^2 with two TRPs). When one link is blocked, the other repetition from the other TRP can still be detected successfully. 
Link level evaluations for PDCCH repetition scheme with multiple TRPs are provided with comparison to single-TRP transmission. Detailed evaluation assumption is provide in Table 2 in appendix. To compare multi-TRP schemes with the single-TRP transmission, the receiver needs to be considered. 
· One way is that TRPs transmit the same DCI on different candidates, and the UE is assumed to receive the DCI successfully once any one of the candidates is decoded correctly. This is labelled as without combine in the figures (green solid curves). 
· Another way is that the UE combines soft information of different PDCCH candidates from multi-TRP for decoding. This is labelled as with combine in the figures (red solid curves). 
For a fair comparison, we used equal amount of resources, e.g. two AL4 candidates from two TRPs and a single AL8 from one TRP. SFN transmission performance is also provided as blue solid curves, where each TRP transmit the same DCI on the same resources using the same port. In the figure, CCE8/CCE4 represents the aggregation level on each TRP, i.e. AL8/4.
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Figure 3: Simulation results of PDCCH repetition without blockage
The following can be observed from simulation results:
· Without soft combining, two repetitions with AL4 from two TRPs cannot outperform AL8 from a single TRP, due to the lower coding rate of AL8. 
· With soft combining of candidates, the performance of two AL4 candidates from two TRPs outperforms single AL8 from a single TRP due to the channel diversity gain as analysed before. 
· The performance of SFN based transmission is between the solutions with and without soft combination. Such transmission may not always boost SNR per symbol, due to the fact that channels may have opposite phase and therefore destruct each other. It can be proven from the results that SFN scheme have less steep slope than repetitions schemes, e.g. with combining. 
Observation 1: Without blockage, the repetition of PDCCH with soft combining the same AL is much more beneficial than the scheme without soft combining and SFN-based PDCCH transmission. 
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Figure 4: Simulation results of PDCCH repetition with blockage
The performance of blockage is also provided in Figure 4, assuming 5% probability of 10dB loss. It can be observed that there’s an error floor at ~10^-1 BLER for single-TRP transmission, due to channel blockage, while the point is decreased to ~10^-3 BLER for multi-TRP schemes. Therefore, it can be observed that multi-TRP transmission schemes are much more robust than single-TRP transmission.
Observation 2: With potential blockage of PDCCH transmission, the multi-TRP transmission schemes are much more robust than single-TRP transmission.
Note that for FR2, specification efforts for SFN is also needed because single TCI state per candidate in current spec can allow reception from only one TRP with one beam. UE would need to be configured with two QCL assumptions of two TRPs for the receiving beams generation, and also for channel estimation probably in FR1. Meanwhile, capability of simultaneous multi-beam reception may also be needed for SFN transmission.
As aforementioned, in order to obtain the advantages of the PDCCH repetition, soft-combining of the different transmissions from multiple TRPs should be supported. However, the complexity at UE side will be multiplied with multiple candidates’ reception and soft combination, trying all possible combinations of candidates.
To reduce the complexity of blind PDCCH soft-combination, some restrictions should be considered. For example, the association of the PDCCH candidates from multi-TRP can be defined, so that a UE only needs to combine the soft-information of associated candidates for decoding. In this way, the decoding complexity can be reduced to a half of the repetition scheme without combining.
Hence, we have the following proposal:
Proposal 1: To reduce the complexity, association between PDCCH candidates from different TRPs should be supported for PDCCH repetition.

3.2 PUSCH enhancements
· PUSCH transmission without repetition
In R15/16, robustness enhancement based on multi-TRP transmission is supported for PDSCH, which can provide some insights and guidance for PUSCH enhancement. In this section, we discuss the uplink specific details, referring to the downlink schemes supported in R16. 
In R16, multi-RV based solution is supported for PDSCH robustness enhancement, as scheme 2b. The main motivation is for blockage scenario with benefits of self-decoderability when one link is damaged. However, such benefits may not be obvious in uplink, especially for FR1. As in FR1, TRPs can receive all repetitions of UL transmission. Even if one TRP is blocked, the other TRP is still be able to receive full systematic information bits. Therefore, under the same resource allocation, multi-RV enhancement may not still be a promising method.
In uplink, advanced receiver of multi-TRPs can be used instead of soft-combined based solution, where combining received signals in antenna domain and then decoding them as a large distributed antenna array, namely joint detection, can be implemented. In this way, antennas of multi-TRP can be considered as a distributed receive array to receive the PUSCH. Such receiver can obtain better performance than joint decoding.
Simulation result is shown below to compare the performances of different receiver assumptions without repetitions.
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Figure 5: Simulation results of non-codebook based PUSCH transmission with multi-TRP reception

Observation 3: Joint reception taking advantage of distributed antenna arrays from different TRPs can provide better performance than multi-TRP reception with soft-info combining.
In URLLC, a larger bandwidth may be scheduled to improve UL transmission quality and maintain a proper transmission delay. Furthermore, there can be more paths than those of single TRP reception, which result in more frequency selectivity. Therefore, one single TPMI is not suitable for all TRPs/subbands.
In such cases, different UL PRG can use different TPMI selected aiming at different TRPs for codebook based transmission. If some subbands for one TRP suffer from deep fading, the TPMI for these subbands can be selected for the other TRP. In this way, more robustness for PUSCH can be achieved. 
The evaluation results of multi-TPMI with multi-TRP is shown in Figure 6 with codebook based PUSCH transmission. It can be observed that with multi-TPMI, there are ~0.75dB gain at 10^-2 compared to wideband TPMI. And the slope of subband TPMI is steeper than that of wideband TPMI that more gain can be expected at lower BLER required by URLLC. Detailed evaluation assumption is provide in Table 3 in appendix.
   
Figure 6: Performance of subband TPMI vs wideband TPMI with codebook based PUSCH transmission
Observation 4: PUSCH transmission with multiple TPMIs in frequency domain is beneficial for UL codebook based transmission.  
For non-codebook based PUSCH transmission in R15, one CSI-RS resource is associated with the SRS resource set, so that UE can derive precoders for SRS transmission according to the CSI-RS resource. Since QCL assumption is indicated per CSI-RS resource, which is assumed to be transmitted by one TRP, SRS precoder(s) is only calculated according to one TRP-UE channel. If multiple TRPs can transmit multiple CSI-RS resources to the UE, which are used to calculate the SRS precoder(s), then the precoder(s) can be optimized according to multi-TRP channels assuming that joint processing is used by TRPs.
Proposal 2: For UL non-codebook based PUSCH transmission, the CSI-RS configuration should be enhanced to enable multi-TRP based reception.
· PUSCH transmission with repetition
TDM based repetition scheme is more suitable for coverage-limited scenario or in FR2 (where simultaneous Tx is not considered), which is similar to URLLC PUSCH enhancement in R16 or PDSCH scheme 3/4. In order to enable multi-TRP reception and soft combining, at least two beams need to be indicated for one PUSCH transmission targeting two TRPs, and different PUSCH transmission occasions can use different beams. For example, two SRI with the association to the repetitions can be indicated or predefined. 
Observation 5: In FR2, PUSCH repetition schemes with different beams over different PUSCH transmission occasions is beneficial, i.e. different SRI for different occasions.

3.3 PUCCH enhancements
In R15/16, five PUCCH formats are supported, which can be summarized in Table 1.
Table.1 PUCCH formats in NR
	
	Length
	# of RBs
	# of bits
	Transmission scheme
	Repetition

	Format 0
	Short
	1
	[bookmark: OLE_LINK2][bookmark: OLE_LINK3]1~2
	Non-coherent based
	Intra-slot

	Format 1
	Long
	1
	1~2
	Coherent based
	Inter-slot

	Format 2
	Short
	1~16
	>2
	Coherent based
	Intra-slot

	Format 3
	Long
	1~16
	>2
	Coherent based
	Inter-slot

	Format 4
	Long
	1
	>2
	Coherent based
	Inter-slot



The PUCCH formats carrying HARQ-ACK/SR transmission (with 1~2 UCI bits) are important to improve the robustness of DL transmission and system performance for URLLC. Thus, at least one of Format 0 and 1 is considered as high priority. 
Without DMRS, the PUCCH format 0 doesn’t suffer from poor channel estimation performance in low SINR and is more efficient. Moreover, it is a short format which can reduce the latency. And PUCCH Format 1, as a long format, can provide a better coverage. Therefore, both PUCCH format 0 and 1 should be used for evaluation. 
Observation 6: Enhancement of PUCCH format 0/1 is important for reliability of URLLC transmission.
For FR1, the precoder/beam used for PUCCH is up to UE implementation. It can be assume that the beam used for PUCCH transmission is omni-direction for robustness. In this case, joint processing by multi-TRP can be considered. 
For FR2, in order to enable multi-TRP to receive the same UCI message and to joint process to improve the robustness, different beams should be used to transmit the same UCI on different time-domain PUCCH transmission occasions. As shown in Figure 7, assuming PUCCH format 0, UE transmits the PUCCH on two occasions with different beams to two TRPs, and both TRPs can receive the PUCCH and the detection results are combined to improve reliability. To achieve this, at least two time-domain repetitions associated with different beams should be supported, and the mapping pattern should be defined. In the figure, “corr detection” means to detect PUCCH sequence via correlation.
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Figure.7 Joint processing the PUCCH format 0 by multi-TRP in FR2
Observation 7: For FR2, different beams, i.e., PUCCH-SpatialRelationInfo, over different time-domain transmission occasions can be used for PUCCH transmission.

4 Conclusion
This contribution has provided our analysis and consideration reliability/robustness enhancements using multi-TRP in Rel-17. In summary following proposals are provided in the contribution:
Observation 1: Without blockage, the repetition of PDCCH with soft combining the same AL is much more beneficial than the scheme without soft combining and SFN-based PDCCH transmission. 
Observation 2: With potential blockage of PDCCH transmission, the multi-TRP transmission schemes are much more robust than single-TRP transmission.
Observation 3: Joint reception taking advantage of distributed antenna arrays from different TRPs can provide better performance than multi-TRP reception with soft-info combining.
Observation 4: PUSCH transmission with multiple TPMIs in frequency domain is beneficial for UL codebook based transmission.  
Observation 5: In FR2, PUSCH repetition schemes with different beams over different PUSCH transmission occasions is beneficial, i.e. different SRI for different occasions.
Observation 6: Enhancement of PUCCH format 0/1 is important for reliability of URLLC transmission.
Observation 7: For FR2, different beams, i.e., PUCCH-SpatialRelationInfo, over different time-domain transmission occasions can be used for PUCCH transmission.
[bookmark: _GoBack]Proposal 1: To reduce the complexity, association between PDCCH candidates from different TRPs should be supported for PDCCH repetition.
Proposal 2: For UL non-codebook based PUSCH transmission, the CSI-RS configuration should be enhanced to enable multi-TRP based reception.
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Appendix
Table.2 PDCCH evaluation parameters
	Parameters
	Values

	Schemes
	Single TRP transmission
SFN transmission
Multi-TRP repetition of the same DCI

	AL
	AL8 as baseline (single TRP transmission)

	# of RBs/symbols
	1 symbols.

	DCI payload
	40+24(CRC)=64

	CCE-to-REG mapping
	Interleaved.

	REG bundling size
	6.

	Precoding assumptions
	Close loop precoding using SRS

	Receiver assumption
	With or without soft combining as shown in Figure 3 and 4.

	Blockage model
	5% probability with -10dB blockage per link



Table.3 PUSCH evaluation parameters
	Parameters
	Values

	# of RBs/symbols
	8RB/32RB

	DMRS pattern
	DM-RS configuration type 1

	# of layers
	1

	Code rates
	0.188/0.43

	Frequency hopping
	No

	UL transmission scheme
	Codebook/Non-codebook PUSCH transmission

	Redundancy Version
	0

	Number of repetitions
	One transmission

	Scheme
	FDM Precoding

	Receiver assumption
	Joint processing(details see section 3.2)
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