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Introduction
In RAN1#95, the following agreement on multi-TRP transmission was achieved [1].
Agreement:
Study for URLLC reliability/robustness enhancement with multi-TRP/panel/beam, including the case of ideal backhaul
· [bookmark: _Hlk530133533]For PDSCH/PUSCH where the same TB is transmitted including
· #1: the number of TRP/panel/beams
· #2: Configuration/indication mechanism of TB repetition
· Other enhancements are not excluded.
· For PDCCH/PUCCH
· #1: the number of TRP/panel/beams
· #2: Repetition/Diversity of DCI/UCI
· Other enhancements are not excluded.
FFS: Non-ideal backhaul case

Further agreement on repetition transmission for reliability enhancement for URLLC was achieved in RAN1 ad-Hoc meeting 1901 [2]:
Agreement
For multi-TRP specification support for URLLC, support at least one of following schemes for transmitting the same transport block from multiple TRPs. Study following schemes for further down-selection for one or more schemes in next meetings
· Scheme 1 (SDM):  n (n<=Ns) TCI states within the single slot, with overlapped time and frequency resource allocation
· Scheme 2 (FDM): n (n<=Nf) TCI states within the single slot, with non-overlapped frequency resource allocation
· Scheme 3 (TDM): n (n<=Nt1) TCI states within the single slot, with non-overlapped time resource allocation
· Scheme 4 (TDM): n (n<=Nt2) TCI states with K different slots. 
· For further study:
· Details on restriction related to MCS, modulation order for PDSCHs from different TRPs w.r.t. schemes 1 to 4.
· Whether to support mini-slot PDSCH repetitions 
· Signalling mechanism 
· Companies to consider how the schemes apply for FR1 and FR2
· Whether the number of repetitions can be larger than the number of TCI states (n)
· Further clarification for each scheme can be elaborated in RAN1 96 
· Baseline scheme in addition to Rel-15 single-TRP scheme for evaluations
· SFN transmission based on Rel-15 from multi-TRP with single TCI state
· Companies to provide details on assumption on time/frequency synchronization and TRS transmission across TRPs
· Note that supporting multiple schemes in Rel-16 is not excluded.  
· Note that control signalling mechanism for PDSCH reliability/robustness enhancement schemes can be discussed separately.

In last meeting (#96bis), one remaining comparison is between scheme 2a and 2b, i.e. the comparison between different rate matching methods [3].
Agreement
For multi-TRP based URLLC, scheduled by single DCI, 
· Support scheme 1a as agreed in email discussion [96-NR-09]
· FFS: Whether additional specification impact is necessary for URLLC
· On the support of schemes 2a, 2b
· Select one of the following: support 2a only, support 2b only, support both 2a and 2b, support none
· To facilitate further comparisons among 2a, 2b and baseline to understand technical benefits and use cases, consider both SLS and LLS simulation results
· Specification impact, and UE complexity need to be considered as well.
· Companies are encouraged to provide simulation results for LLS using at least the following parameters
· Pathloss delta between two TRPs: 0dB, 3dB, 6dB 
· Details on blockage to be provided by each company if any (for example, the probability that one out of 2 links is blocked is 5% or 10% with 10dB blockage loss for the blocked link)
In this contribution, we provide our views on different rate matching methods for PDSCH reliability transmission with Multi-TRP/panel. 
Rate matching methods
Physical-layer impact analysis
In the e-mail thread [96-NR-09], single-RV based and multi-RV based rate matching methods are discussed. Before any further discussion, the physical-layer procedures of above two methods should be clarified. According to TS 38.211 and 38.212, the relevant physical-layer procedures include “codeword generation, scrambling, modulation, layer mapping, antenna port mapping and RE mapping”, where the rate matching is one sub-step in “codeword generation” block between sub-steps of “channel coding” and “CB concatenation”. An illustration of physical-layer procedures for both rate matching methods are shown by Figure 1.


   
(a) Single-RV based rate matching method                        (b) Multi-RV based rate matching method
Figure 1: Schematic diagrams of physical-layer procedures for Single/Multi-RV(s) based rate matching methods

Single-RV based rate matching method
For single-RV based method, our understanding is to apply single RV on PDSCH data layers for all the TRPs. In other words, one codeword is mapped into multiple layer sets (one layer set may contain one or multiple layers), and each layer set is transmitted by one of cooperative TRPs. It can be summarized as below:
· Only single codeword is generated with single RV applied to
· Each TRP transmits partial coded bits of above codeword 
Figure 1(a) shows a schematic diagram of physical-layer procedure for single-RV based method from codeword generation to RE mapping under the assumption of two TRPs. Each layer set contains only 1 layer and time-frequency resources assigned to different TRPs are fully overlapped. For SDM, different DMRS ports can be assigned to each layer from respective TRP. For FDM, same DMRS port can be used. 
In perspective of spec, some effort may be needed to associate multiple TCI states for different PDSCH layer set, in single-DCI scheduling case. It may affect the block of antenna port mapping or RE mapping
Multi-RV based rate matching method
For the multi-RV based method, our understanding is to apply separate RVs on TB repetitions for different TRPs. Here TB repetitions are within the same slot. Such a concept is very similar to Rel-15 PDSCH time repetition, where multiple repetitions scheduled by single DCI is transmitted with multiple consecutive time slots. Thus, the multi-RV based method can be summarized as follows:
· Multiple codewords with separate RVs are generated independently, wherein TBs used to generate multiple codewords are the same. 
· Each TRP transmits full coded bits of one of codewords.
Figure 1(b) shows a schematic diagram of physical-layer procedure for multi-RV based method from codeword generation to RE mapping under the assumption of two TRPs.  Each TRP transmits one codeword whereas each codeword is mapped to 1 layer and the time-frequency resources assigned to different TRPs are fully overlapped. It is clearly that from codeword generation until layer mapping, the procedure is simply a duplication of single-RV based method. For each duplicated procedure, there is only 1 codeword. Therefore the layer mapping is not affected. 
From the perspective of spec, the PDSCH transmission layers from duplicated procedures shall be mapped to orthogonal DMRS ports for SDM case. Similarly, the association between TCI states and PDSCH layers shall be done. These required spec changes may also affect the block of antenna port mapping in the case of single-DCI scheduling.
Observation 1: Both single-RV and multi-RV based rate matching methods have similar and also minor spec impacts so that the association between PDSCH layer sets, DMRS ports and TCI states may be enhanced by new antenna port mapping rules.
Performance analysis
For single-RV method, one codeword is mapped into two layers, and for multi-RV method, each repetition generates one codeword which is mapped to one layer. Considering the case that the TB size and time-frequency resources are the same for above two methods, the MCS & coding rate of single-RV method is half of that with multi-RV method. On the other hand, the soft-combining at the receiver can provide coding gain by multi-RV method. 
Figure 2 gives an illustration of two rate matching methods in circular buffer where the LDPC BG2(1/5) is selected. As demonstrated in Figure 2(a), a long bit stream can cover the whole systematic bits and parity bits if the coding rate is exactly 0.2. As the codeword is mapped to two layers, so that each TRP transmits partial coded bits after the symbol-level interleaving in layer mapping. As shown in Figure 2(b), two short bit streams can also jointly cover all the systematic bits and parity bits if the coding rate of each short bit stream is exactly 0.4(twice of 0.2), when the RV is set to [0,2]. In this case there is no interleaving between codewords. So each TRP can transmit the complete bit stream just like that demonstrated in Figure 2(b). After soft combining at the receiver, the UE can also decode based on whole systematic bits and parity bits. 

            
(a)  Single-RV based method                                (b) Multi-RV based method
[bookmark: _Ref533670719]Figure 2 A diagram of two rate matching methods when LDPC BG 2 is selected
Next, if the coding rate of single-RV based method is set to 0.1, the bit stream length can be doubled. In the circular buffer, it will go another round to repeat the systematic bits and parity bits one more time. On the other hand, if the coding rate of multi-RV based method is set to 0.2, each of the two bit streams length is also doubled. In the circular buffer, each of the bit stream can go one round to cover all the systematic bits and parity bits. In this case, in multi-RV based method, both codewords with RV0 and RV2 have a better self-decodable capability. 
For M-TRP based URLLC, the path loss delta between two TRPs may exist. Under some challenge channel condition, one of the TRPs may experience a deep fading or blockage. Under above cases, the multi-RV based rate matching method theoretically has better performance than single-RV based method, when coding rate is lower enough and the channels from TRPs to the UE are quite different.
Observation 2: the multi-RV based rate matching method has better performance than single-RV based method, when coding rate is lower enough (e.g. CR<0.2 for multi-RV based method) and  there is PL difference among M-TRP.
Performance evaluations
The LLS simulations are setup to evaluate the scheme 1a/1b and 2a/2b respectively.
Scheme 2a vs 2b
The simulation parameters for comparison between scheme 2a and 2b can be referred to the email-discussion [96b-NR-06]. As suggested, the number of PRBs are 8 and 40. The path loss delta is set to [0, 3, 6] dB, and deep fading of 10dB with 10% probability is also used for evaluation. The MCSs are 6 and 12 for scheme 2a, where the coding rate of scheme 2b is doubled. In addition, we further simulate MCS 3 and 4 whose coding rate is smaller than 0.1 for scheme 2a (equivalent to coding rate smaller than 0.2 for scheme 2b). They are selected based on analysis in section 2.2, that coding rate 0.1/0.2 for scheme 2a/2b is the threshold. The rest simulation assumptions can be referred to Table I in appendix. 
Figure 3 shows the scheme comparison for coding rate 0.12/0/24 and 0.44/0.88 respectively. The number of PRB is 8. It is observed that, scheme 2a and 2b have very similar performance. Figure 4(a) shows the scheme comparison for coding rate 0.08/0.15 and 0.06/0.13 respectively. It is observed that, scheme 2b has about 1dB gain at BLER of 10-5 compared to scheme 2a. Similarly in Figure 4(b), at coding rate of 0.08/0.15, the scheme 2b has about 1.7dB gain at BLER of 10-5, if one of the TRP has 10% probability suffering from 10dB deep fading. Moreover, in figure 5, scheme 2b has more than 1dB gain at BLER of 10‑5 when the number of PRB is set to 8 and 40 respectively. More simulation details can refer to our company paper [4]
Observation 3: At coding rate smaller than 0.1/0.2 for scheme 2a and 2b, the multi-RV based rate matching method has significant performance gain than single-RV based method, when two TRPs have a relatively large PL delta or blockage(e.g. 6dB or 10dB @10% probability). On the other hand, for the coding rate larger than 0.1/0.2 for scheme 2a and 2b respectively, two rate matching schemes perform very similar. 
[image: 8RB_CR12_PL036] [image: 8RB_CR44_PL06]
(a) Fixed coding rate 0.12/0.24@scheme 2a/2b                       (b) Fixed coding rate 0.44/0.88@scheme 2a/2b
Figure 3 Performance of scheme 2a and 2b when coding rate is bigger than 0.1/0.2 under different PL delta
[image: 8RB_6DB] [image: 8RB_CR08_Block]
(a) @ vairous PL delta                                                             (b) @ with 10dB deep fading applied on one TRP with 
10% probability
Figure 4 Performance of scheme 2a and 2b when coding rate is smaller than 0.1/0.2
[image: 40RB_CR08_PL6]
Figure 5 Performance of scheme 2a and 2b using different number of PRB
Scheme 1a vs 1b
The performance of both rate matching methods is also evaluated under the SDM case, i.e. scheme 1a and 1b. The MSC & coding rate of two rate matching methods are set to [0.1, 0.2] @ QPSK respectively. A path loss delta between two TRPs are set to [0dB, 3dB, 6dB]. The rest simulation assumptions can be referred to Table II in appendix. The performance comparison of scheme 1a and 1b in terms of BLER of two rate matching methods are given in Figure 6. It is observed that, two rate matching methods perform almost the same when there is no path loss delta between TRPs even at the region of BLER 10-5. By applying PL delta of 3dB and 6dB, the multi-RV based method outperforms than single-RV method, i.e. about 0.3dB and 1dB performance gain at BLER 10-5 respectively.  
[image: ]
Figure 6. Performance comparison of two rate matching methods at different path loss delta.
Further evaluation are provided in Figure 7, where larger PL deltas of 10 dB and 20 dB are applied to one of the TRP with probability of 10% and 5% respectively. Such channel condition could be possible especially in FR2. It is observed that, the BLER of scheme 1a is greatly affected that an error floor lasts about 1dB and 3 dB under two deep fading cases respectively. In the contrast, the scheme 1b is almost not affected for the case of 10% PL delta of 10dB, and slight affected for the case of 5% of PL delta 20dB. At the BLER of 10-5, the scheme 1b shows about 1.8dB and 2.5dB gain than the scheme 1a under two deep fading cases respectively. 
[image: ]
Figure 7. Performance comparison of scheme 1a and 1b when one of the TRP falls into deep fading with a certain probability
Observation 4: It can be shown that  for SDM schemes 1a and 1b, the scheme 1b can perform better when the coding rate is smaller than 0.1/0.2 respectively. 
Summary of evaluation results
According to Table 5.1.3.1-3 in 38.214, there are 8 entries (MCS1-MCS8) having the coding rate smaller than 0.2. Typical URLLC application may also focus on these low coding rate region. On the other hand, it is expected that a 3-6dB PL delta may be quite common for the M-TRP cooperation. In this sense, the multi-RV based rate matching method is superior than single-RV based method no matter in SDM or FDM schemes. For other MCS entries, these two methods have similar performance.
Observation 5: there are 8 MCS entries in MCS table 5.1.3.1-3 in 38.214 that the multi-RV based rate matching method performs better than single-RV based method. For other MCS entries, both multi-RV and single-RV based methods perform similarly. 
Observation 6: The multi-RV based rate matching method shows a great potential in reliability enhancement for typical URLLC services where URLLC coding rate is relatively low with typical 3-6dB PL difference among M-TRP. 
Proposal 1: Comparing FDM schemes 2a and 2b, the multi-RV based scheme 2b is preferred if one of the FDM schemes needs to be supported. 
[bookmark: _GoBack]Conclusion
This contribution provides our views on different rate matching methods for PDSCH reliability transmission with multi-TRP/panel. In summary, the following observation and proposals are made. 
Observation 1: Both single-RV and multi-RV based rate matching methods have similar and also minor spec impacts so that the association between PDSCH layer sets, DMRS ports and TCI states may be enhanced by new antenna port mapping rules.
Observation 2: the multi-RV based rate matching method has better performance than single-RV based method, when coding rate is lower enough (e.g. CR<0.2 for multi-RV based method) and  there is PL difference among M-TRP.
Observation 3: At coding rate smaller than 0.1/0.2 for scheme 2a and 2b, the multi-RV based rate matching method has significant performance gain than single-RV based method, when two TRPs have a relatively large PL delta or blockage(e.g. 6dB or 10dB @10% probability). On the other hand, for the coding rate larger than 0.1/0.2 for scheme 2a and 2b respectively, two rate matching schemes perform very similar. 
Observation 4: It can be shown that  for SDM schemes 1a and 1b, the scheme 1b can perform better when the coding rate is smaller than 0.1/0.2 respectively. 
Observation 5: there are 8 MCS entries in MCS table 5.1.3.1-3 in 38.214 that the multi-RV based rate matching method performs better than single-RV based method. For other MCS entries, both multi-RV and single-RV based methods perform similarly. 
Observation 6: The multi-RV based rate matching method shows a great potential in reliability enhancement for typical URLLC services where URLLC coding rate is relatively low with typical 3-6dB PL difference among M-TRP. 
Proposal 1: Comparing FDM schemes 2a and 2b, the multi-RV based scheme 2b is preferred if one of the FDM schemes needs to be supported. 
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Appendix
Table-I Link level simulation assumptions for Figure 3 - 5
	Parameters
	Value

	Num TRPs
	2

	Num UE
	1

	Layer Number
	1 Layer/TRP

	Channel
	CDL-B delay spread 100

	PL Delta
	Figure 5: {0, 3, 6}dB
Figure 6: {10dB @10%}
Figure 7:  6dB

	Carrier frequency
	4 GHz

	SCS
	30 kHz

	System bandwidth
	8 PRBs, 40PRBs

	Velocity
	3km/h

	gNB Antenna
	4 Tx, cross polarized, 0.5λelement spacing

	UE Antenna 
	2 Rx, cross polarized, 0.5λ element spacing

	MCS
	[MCS3, MCS6], Coding rate [0.063, 0.126] @QPSK
[MCS4, MCS7], Coding rate [0.076, 0.152] @QPSK
[MCS6, MCS9], Coding rate [0.12, 0.24] @QPSK
for single/Multi-RV based method respectively

	Channel Estimation
	RCE

	Receiver
	MMSE-IRC



Table-II Link level simulation assumptions for Figure 6 & 7
	Parameters
	Value

	Num TRPs
	2

	Num UE
	1

	Layer Number
	1 Layer/TRP

	Channel
	CDL-B delay spread 100

	PL Delta
	Figure 5: {0, 3, 6}dB
Figure 6: {10dB @10% , 20dB @5%}

	Carrier frequency
	4 GHz

	SCS
	30 kHz

	System bandwidth
	6 RB

	Velocity
	3km/h

	gNB Antenna
	4 Tx, cross polarized, 0.5λelement spacing

	UE Antenna 
	2 Rx, cross polarized, 0.5λ element spacing

	MCS
	Coding rate [0.1, 0.2] @QPSK for single/Multi-RV based method respectively

	Channel Estimation
	RCE

	Receiver
	MMSE-IRC
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