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1. Introduction
In RAN1 #89 2017 [1], the following agreement was made for NR:
Agreements:
· For DL data transmission
· PRB bundling size include (including possible downselection)
· Case 1: value(s) based on RBG
· FFS RBG/k, where k is integer, FFS the value(s) of k
· FFS m * RBG, where m is integer, FFS whether m is always equal to 1
· Case 2: other values based on bandwidth part, and/or scheduled bandwidth and/or UE capability etc.
· E.g., Consecutive scheduled bandwidth 
· FFS restrictions
· E.g., Values equal or larger than scheduled BW
· FFS restrictions 
· FFS other cases;
· FFS the relationship between above values with e.g. DMRS patterns
· FFS UE feedback assisted PRB bundling size with respect to UE complexity, feedback overhead increase and performance gains.
· FFS joint or separate indication of PRB bundling size on data and DMRS

In RAN1 #88bis 2017 [2], the following agreement was made for NR:
Agreements:
· For PRB bundling of data channel
· Support common design for PRB bundling for different scenarios, e.g.  channel reciprocal or non-reciprocal, different Tx/Rx beamforming, etc:
· Specify common PRB bundling size set for all scenarios
· FFS: Different PRB bundling size sets for different BWs
· Specify common indication procedure for all scenarios
· The following PRB bundling sizes are studied: 
· Specified value(s) X: 
· FFS X 
· FFS whether more than one value is needed.
· Strive for value aligned with resource allocation granularity 
· Contiguous allocated PRBs when at least Y contiguous PRBs are allocated. FFS: values of Y;
· Scheduled BW dependent, FFS the relationship
· Values equal or larger than scheduled BW
· FFS different transmission schemes may be related to different subsets of PRB bundling configurations
· Others are not precluded;
· Support UE specific PRB bundling size indication:
· FFS: RRC configured with a subset, DCI dynamically indicated
· DCI overhead should be considered; 
· MAC CE can be considered if the number of subset elements are large, details FFS
· FFS: the presence of DCI field related to PRB bundling is configured by RRC; 
· FFS: Implicit signaling to inform PRB bundling size can be considered
· FFS UE feedback assisted PRB bundling size

In this contribution, we share our view on PRB bundling size.
2. Discussion
NR agreed to support common design for PRB bundling for different scenarios, e.g. channel reciprocal or non-reciprocal, different Tx/Rx beamforming [2]. Here are scenarios or transmission schemes NR downlink supports/considers[1][2][3];
· DL DMRS based spatial multiplexing (SU-MIMO/MU-MIMO)
· Multi-TRP and multi-panel transmission 
· Transmission scheme 1: Closed-loop transmission (DMRS based)
· Transmission scheme 2: Open loop and semi-open loop transmission (DMRS based)
· Reciprocity based precoding 
· Codebook based precoding (CSI feedback Type I and Type II)

Open loop support
First, during RAN1 #89 meeting, RAN1 agreed that DL transmission scheme 2 is not explicitly supported for unicast PDSCH. In other words, transmission point of view, transmission scheme 2 is same as transmission scheme 1, i.e. data and DMRS are transmitted with the same precoding matrix, and thus demodulation of data at the UE does not require knowledge of the precoding matrix used at the transmitter. In order to provide diversity, and thus to support open loop or semi-open loop, gNB can choose different precoder per PRB bundling size, i.e. PRG. Since the diversity order is determined based on number of different precoder, smaller PRG size is better while it decreases channel estimation processing gain. 
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Figure 1 Performance of open loop for different PRG size, allocation size = 40
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Figure 2 Performance of open loop for different PRG size, allocation size = 4

Observation 1. In case of open-loop transmission, smaller size PRG provides better diversity while larger size PRG provides better channel estimation. For relatively large allocation size, PRG size = 1 to 4 seems a good candidate. For relatively small allocation size, PRG size = 1 seems a good candidate.
Codebook based precoding support
In case of codebook based precoding, it would be better if PMI feedback granularity, e.g. subband, can be divided by the PRG size. The value of PRG should be P’=k/m1 where P’ is PRG size, k is PMI feedback granularity and m1 is an integer. In LTE, subband size is 4/6/8 depending on bandwidth. Note that P’=k*m1 may cause ambiguity at gNB when selects precoder when two different PMI are reported for different subband. For example, if UE reports subband PMI with {1, 2, 3, 4}, and m1 = 2, then it is not clear whether gNB needs to choose PMI=1 or 2 in the first PRG. 
In addition to that, resource allocation size should be divided by the PRG size so that UE can employ systematic channel estimator without irregularity. In this case, the value of PRG should be P’=RBG/m2 where RBG (resource block group) is a basic unit of resource allocation and m2 is an integer. Note that P’=RBG*m2 may introduce not only irregularity in channel estimator but also restrict MU-MIMO scheduling. For example, if gNB needs to schedule two UEs with 1 RBG and 2 RBG, then there will be MU-MIMO interference calculation mismatch at second UE in second RBG.  In addition to that, for SU-MIMO mode or wideband operation, PRG size can be whole allocated resource size.
Observation 2. In case of codebook based precoding, P’=k*m1 where P’ is PRG size, k is PMI feedback granularity, and m1 is an integer number may cause ambiguity at gNB when selects precoder when two different PMI are reported for different subband, and P’=RBG*m2 may introduce not only irregularity in channel estimator but also restrict MU-MIMO scheduling. In order to maximize channel estimation gain while provide full flexibility at gNB without ambiguity, PRG size can be P’=min(k,RBG) with constraint RBG=n1*k or k=n2*RBG where n1 and n2 are integer. For wideband operation, PRG = whole allocated resource will be beneficial.
Reciprocity based precoding support
In case of reciprocity based precoding, PMI feedback granularity is no longer a problem. In other words, gNB has availability and ability to determine a precoder within the size of SRS bandwidth. And thus, only resource allocation size matters. 
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Figure 3 Performance of reciprocity based SU MIMO for different PRG size, allocation size = 40

Observation 3. For reciprocity based SU MIMO, PRG size can be whole allocated resource. In case of reciprocity based MU-MIMO, PRG size can be P’=RBG.
From above observations, we propose following PRG sizes. Note that indication of different PRG size using DCI or RRC is for further study.
Proposal 1. NR supports following PRG size.
- PRG = 1
- PRG = minimum of PMI feedback granularity and RBG size
- PRG = whole allocated band
- FFS DCI to switch PRG size
In addition to that, we further propose
Proposal 2. NR supports RBG=n1*k or k=n2*RBG where k is PMI feedback granularity, n1 and n2 are integer, value of n1 or n2 are FFS.

3. Conclusion
In this contribution, we discussed consideration on PRG size. We have following observation and proposals.
Observation 1. In case of open-loop transmission, smaller size PRG provides better diversity while larger size PRG provides better channel estimation. For relatively large allocation size, PRG size = 1 to 4 seems a good candidate. For relatively small allocation size, PRG size = 1 seems a good candidate.
Observation 2. In case of codebook based precoding, P’=k*m1 where P’ is PRG size, k is PMI feedback granularity, and m1 is an integer number may cause ambiguity at gNB when selects precoder when two different PMI are reported for different subband, and P’=RBG*m2 may introduce not only irregularity in channel estimator but also restrict MU-MIMO scheduling. In order to maximize channel estimation gain while provide full flexibility at gNB without ambiguity, PRG size can be P’=min(k,RBG) with constraint RBG=n1*k or k=n2*RBG where n1 and n2 are integer. For wideband operation, PRG = whole allocated resource will be beneficial.
Observation 3. For reciprocity based SU MIMO, PRG size can be whole allocated resource. In case of reciprocity based MU-MIMO, PRG size can be P’=RBG.
Proposal 1. NR supports following PRG size.
- PRG = 1
- PRG = minimum of PMI feedback granularity and RBG size
- PRG = whole allocated band
- FFS DCI to switch PRG size
Proposal 2. NR supports RBG=n1*k or k=n2*RBG where k is PMI feedback granularity, n1 and n2 are integer, value of n1 or n2 are FFS.
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Appendix

LLS simulation assumption
	Parameter for LLS
	Value

	Channel model
	TDL-B; 100ns, 30km/hr for open loop @4GHz

	Allocation size
	4/40 PRB

	BS antenna configuration
	2 Tx with low correlation for open loop
4 Tx with high correlation.

	UE antenna configuration
	2 Rx with low correlation

	Channel estimation 
	Realistic 

	Interference estimation
	No interference

	Noise estimation
	Ideal

	Interference
	No interference

	Reciprocity based precoding
	Ideal channel estimation, precoder is derived from per PRG

	UE receiver
	MRC

	MCS
	~ QPSK 1/2; ~ 64-QAM 5/7.

	Max HARQ transmissions
	0



[bookmark: OLE_LINK7][bookmark: OLE_LINK8]LTE PRG size, subband size and RBG size
Table 7.1.6.5-1
	System Bandwidth 

()
	
PRG Size () 
(PRBs)

	≤10
	1

	11 – 26
	2

	27 – 63
	3

	64 – 110
	2



Table 7.2.1-3: Subband Size (k) vs. System Bandwidth
	System Bandwidth
	Subband Size

	

	(k)

	6 - 7
	NA

	8 - 10
	4

	11 - 26
	4

	27 - 63
	6

	64 - 110
	8


Table 7.2.1-5: Subband Size (k) and Number of Subbands (M) in S vs. Downlink System Bandwidth
	System Bandwidth
	Subband Size k (RBs)
	M

	

	
	

	6 – 7
	NA
	NA

	8 – 10
	2
	1

	11 – 26 
	2
	3

	27 – 63 
	3
	5

	64 – 110 
	4
	6


Table 7.1.6.1-1: Type 0 resource allocation RBG size vs. Downlink System Bandwidth
	System Bandwidth
	RBG Size

	

	(P)

	≤10
	1

	11 – 26
	2

	27 – 63
	3

	64 – 110
	4
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