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Introduction
In RAN1#89 meeting, the following agreements are achieved for PRB bundling size for DL data transmission [1].
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 this contribution, we will further discuss PRB bundling size for DL data transmission.
PRG size
In RAN1#89 meeting, value(s) of PRB bundling size, namely, Precoding Resource block Group (PRG) size based on RBG is the first priority.
RBG is a set of consecutive virtual resource blocks (VRBs) of localized type. In RAN1 #89 meeting, the set of RBG size includes at least 2, [3,] 4, [6,] 8, 16 is agreed [1].



In LTE [3], RBG size () is a function of the system bandwidth in resource allocation type 0 as shown in Table 1 and the total number of RBGs for downlink system bandwidth of  is given by .
[bookmark: _Ref484765831]Table 1 RBG size &PRG size vs. Downlink system bandwidth in LTE
	System Bandwidth
	RBG Size
	PRG size

	

	
()
	
()

	≤10
	1
	1

	11 – 26
	2
	2

	27 – 63
	3
	3

	64 – 110
	4
	2


Since the gain of PRB bundling is much affected by the channel characteristics, such as frequency selectivity, etc. The candidate values of PRB bundling size can be grouped, e.g., according to the frequency selectivity of the channel. 









The values of PRG size for different groups mentioned above can be scaled uniformly across different system bandwidths according to the following equations: or , where  and  are both integers. For simplicity, we can assume three groups with , , and  as a starting point, corresponding to e.g., large delay spread, medium delay spread, and small delay spread, respectively. Of course, other values of  and  are not precluded and further research is needed to decide how to group.



Proposal 1: An unified scaling set for PRG size with respect to RBG can be considered as a starting point, e.g., , , and correspond to large, medium, and small delay spread, respectively.
For non-continuous resource allocation, the value of PRG size should not be greater than the consecutive scheduled bandwidth considering the complexity of channel estimation across non-continuous PRBs. Therefore, we prefer that the maximum value of PRG size shall be the consecutive scheduled bandwidth. 
Proposal 2: The value of PRG size should not be greater than the consecutive scheduled bandwidth.
Beside, we should make sure that the scaled value is an integer; if not, it is better to round up to an integer. In addition, the simulation results of [4] show that PRB bundling sizes greater or equal to 2 are preferred even for channels with very large delay spread, but more simulation results are needed to decide the minimum value of PRG size after scaling.
According to the previous two proposals, we give an example. Since the values of RBG size for NR are still under discussion, we just assume the RBG size based on the LTE standard and follow the agreements of last meeting. Note that the system bandwidth is based on 100 MHz channel bandwidth and 30 kHz subcarrier space for bands below 6 GHz.
[bookmark: _Ref485112424]Table 2 An example of PRG size without considering consecutive scheduled BW for NR
	System Bandwidth
	RBG Size
	PRG Size

	
	
	High delay spread

()
	Medium delay spread

()
	Small delay spread

()

	

	

	
 
	
 
	
 

	
26
	2
	2
	2
	4

	27 – 63
	3
	2
	3
	6

	64 – 110
	4
	2
	4
	8

	111-160
	6
	3
	6
	12

	161-220
	8
	4
	8
	16

	221-277
	16
	8
	16
	32


In the actual transmission, the PRB bundling size is the minimum value between the consecutive scheduled bandwidth and the corresponding PRG size in Table 2.
PRG size indication
Based on the full knowledge of downlink channel state, UE can find the proper PRG size, and report the group index to gNB, e.g., in the CSI-RS report. Like PMI report, it is up to gNB to decide whether to use the recommended PRG size, and gNB should indicate the group index of actual PRG size through e.g., DCI or MAC CE. After receiving the PRG size index, and based on the scheduled bandwidth conveyed by DCI, UE can determine the PRB bundling size.
Proposal 3: Support UE-assisted PRG size determination and gNB’s indication of the actual PRG size.
Conclusion
In this contribution, we have presented our consideration and the following proposals are made.



Proposal 1: An unified scaling set for PRG size with respect to RBG can be considered as a starting point, e.g., , , and  correspond to large, medium, and small delay spread, respectively.
Proposal 2: The value of PRG size should not be greater than the consecutive scheduled bandwidth.
Proposal 3: Support UE-assisted PRG size determination and gNB’s indication of the actual PRG size.
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