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Introduction
In RAN1 #90bis [5], the following agreements on DL PRB bundling were agreed: 
	Agreement:
UE is configured with PRB bundling size(s) per BWP
Agreement:
For broadcast PDSCH, multi-cast PDSCH, and unicast PDSCH before RRC configuration, PRB bundling size is 2
Agreement:
1-bit DCI field for indication of PRB bundling size can be configured to be present by RRC
Agreement:
· When 1-bit DCI field is present, the following configuration is supported
· Candidate values: {2, 4, scheduled BW}
· FFS: support 1 as an additional candidate value
· The DCI bit field indicated “1” : select one value from one or two RRC configured candidate values
· When two candidate values are configured, one value is implicitly determined
· FFS details of implicit determination (e.g., scheduled BW, RBG-based, subband size, PDCCH REG bundling size, BWP, DMRS pattern, etc.)
· The DCI bit field indicated “0”: select one RRC configured candidate value
· When a UE is configured with RBG=2, the UE is not expected to be configured with PRG=4


In this contribution, we discuss remaining details on PRB bundling of NR DMRS. 
Discussion
1.1 Signalling details for implicit determination for DCI bit field “1” 
In RAN1 #90bis [5], support of implicit determination is agreed when two RRC configured candidate values are configured for DCI bit field “1”. For the implicit determination, following candidates are discussed.
· Scheduled bandwidth based determination
One possible candidate is implicit PRB bundling size determination based on scheduled bandwidth. For example, PRG size can be decided by considering the size of resource allocation for PDSCH transmission. When UE is scheduled in relatively larger bandwidth, frequency selective precoding can be easily applied regardless of PRG size. However, when UE is scheduled in relatively smaller bandwidth, applying frequency selective precoding gain can be difficult due to larger PRG size. In this case, using smaller PRG size can make apply frequency selective precoding easier. However, applying frequency selective precoding is not only an aspect for PRB bundling. In addition to performance gain, at least DMRS channel estimation accuracy and multi-user spatial multiplexing should be considered. In Figure 2, system level simulation result is provided to evaluate the impact of frequency selective precoding and channel estimation accuracy enhancement. As shown in Figure 1, front-load DMRS configuration 1 and 2 without additional symbol are assumed and detailed evaluation assumptions are provided in Appendix.
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Figure 1 The DL DMRS configurations for NR
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Figure 2 System level evaluation results with different sizes of PRG
According to the evaluation results in Figure 2, 2 PRB bundling showed slightly better performance than 1 PRB precoding granularity. In this result, performance gap between 1 PRB precoding and 2 PRB bundling is reduced due to performance benefits from frequency selective precoding, however, 2 PRB bundling still showed slightly better performance than 1 PRB. Moreover, 8 PRB and 16 PRB cases showed much better performance than 4 PRB cases in both Configuration 1 and Configuration 2. Based on the evaluation results, we can observe that channel estimation accuracy is more important than frequency selective precoding. 
· RBG-based subband size based determination/ PDCCH REG bundling size based determination
This proposal is to support implicit determination according to the subband size or the PDCCH REG bungling size which is configured to UE. However, this proposal is not well aligned to the motivation of implicit determination. The motivation of implicit determination is to support dynamic selection of PRG without increasing DCI overhead. However, this proposal can’t support it since the configurations are based on RRC configuration. Considering such aspects, this proposal is not appropriate for the implicit determination. 
· DMRS pattern based determination
The main motivation of introducing DMRS pattern based implicit determination is providing more optimization for PRG indication. According to the agreements, there are many possible variations in DMRS patterns considering configuration type (1 or 2), number of front-loaded DMRS symbols (1 or 2), co-scheduled CDM group/ports and number of additional DMRS symbols (0 or more). Although configuration type and number of additional DMRS symbols are configured by RRC, number of front-loaded DMRS symbols, number of scheduled SU/MU layer can be changed dynamically if RRC configuration allows it [4]. In such cases, DMRS SINR also varies dynamically according to DMRS symbol indication and scheduling of gNB. However, considering given time for detailed optimization of implicit determination is limited, flexible configuration on the implicit determination from gNB should be considered. For example, the bitmap to indicate PRG candidate based on DMRS table can be supported as shown in Table 1.
	DMRS port indication table state
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	Configured PRG indication
	0
	0
	0
	1
	1
	1
	1
	0
	0
	1
	1
	0
	1
	0
	0
	0


where, 0: PRG candidate #1, 1: PRG candidate #2
Table 1 Bitmap based configuration for DMRS table based implicit indication
As shown in Table 1, gNB can configure desired PRG candidate for each DMRS port indication table state considering gNB/UE implementation and channel status. 
Proposals: 
· DMRS based flexible PRG configuration should be supported in NR.
1.2 RRC based PRB bundling support
In 3GPP RAN1 NR #3 [4], RRC based PRB bundling configuration is agreed when UE does not support dynamic PRB bundling. For this case, LTE PRB bundling support should be baseline. In LTE, the configurability on PMI/RI reporting implicitly indicates PRB bundling size between 1 PRB and PRG Size based on system bandwidth. In contrast to LTE, 1 PRB based PRG is not needed due to lack of channel estimation accuracy. However, smaller bundling size for channel reciprocity case and diversity based transmission should be supported. It should be noted that 2 PRB is already agreed as PRB bundling size value. Given that situation, NR should allow RRC configuration between 2 PRB and PRG values based on bandwidth part size. For PRG values based on bandwidth part size, PRG size which is smaller than subband and RBG size should not be introduced. Such flexibility may allow some benefits by allowing smaller granularity of precoding and scheduling, however the benefits are marginal considering PMI reporting and resource allocation granularity.
Proposals: 
· For RRC based PRB bundling support, 
· RRC configuration between 2 PRB and PRG size according to bandwidth part size should be supported.
· PRG size which is smaller than subband and RBG size should not be introduced in NR.
Conclusions
In this contribution, precoding granularity for NR DMRS is discussed. Based on the discussions and evaluation results, the following observations and proposals are provided:
Observations: 
· Between explicit and implicit indication of PRB bundling size, 
· Implicit indication may provide more optimization, however, it would be difficult to optimize all possible DMRS patterns, transparent precoder cycling and UE implementations.
· In contrast to implicit indication, explicit indication can provide flexible indication for all possible cases such as DMRS patterns, transparent precoder cycling and different UE implementations.
· For the usage of 1 bit, co-existence of Case 1 (PRB size value based bundling) UEs and Case 2 (PRB bundling based on consecutively scheduled bandwidth) UEs are possible and important use case.
· Performance benefits from 1 PRB based frequency selective precoding can reduce performance gap with 2 PRB bundling, however, 2 PRB bundling still shows slightly better performance. 
· Larger bundling size such as 8 PRB and 16 PRB bundling provides large performance benefits. 
· For configuration 1 (comb based DMRS), 16 PRB bundling showed up to 26% gain in link level simulation and 24% gain in system level simulation. 
· For configuration 2 (FD-CDM based DMRS), 16 PRB bundling showed up to 33% gain in link level simulation and 20% gain in system level simulation.
Proposals: 
· NR supports explicit indication of PRB bundling size with following details:
· RRC based candidate configuration among possible options in Case 1 (PRB size value based bundling) and Case 2 (PRB bundling based on consecutively scheduled bandwidth).
· For Case 1 (PRB size value based bundling), 
· 1 PRB based precoding granularity is not supported.
· PRB bundling with 8 and 16 PRBs shall be additionally supported.
· For RRC based PRB bundling support, 
· RRC configuration between 2 PRB and PRG size according to bandwidth part size should be supported.
· PRG size which is smaller than subband and RBG size should not be introduced in NR.
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Appendix: SLS evaluation assumptions
	Parameters
	Values

	Antenna configuration 
	(M=8, 16, P=2, Mg=1, Ng=1), dH=dV=0.5λ

	Scenario 
	3D-UMi 

	System bandwidth 
	10MHz with 15kHz subcarrier spacing

	Carrier frequency 
	4GHz 

	UE distribution 
	Follows 36.873 3D-UMi, 10 UEs per cell

	UE speed 
	3km/h 

	Model of cross polarization 
	36.814 

	Traffic model 
	Full-buffer model 

	Rank adaptive 
	SU, rank adaptive 

	Scheduling algorithm 
	PF 

	Receiver 
	2 Rx antenna with X-pol(0/90)
Realistic DMRS channel estimation
MMSE-IRC receiver

	HARQ 
	Max 4 transmissions 

	CSI feedback 
	PUSCH 3-2
RI, CQI, PMI reporting triggered per 5ms
Subband size is same with PRG size

	Wrapping method 
	Geographical distance based
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