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Introduction
During RAN1#89 meeting, the following agreements related to PRB bundling in downlink and uplink were made:[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 discuss the details related to PRB bundling for both uplink and downlink
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On details of PRB bundling size
Two cases of PRB bundling sizes have been agreed to be supported at the previous meeting. Case 1 is an extension of the conventional approach used in LTE. Which is mostly aligned with LTE RBG for RA type 0. In LTE, 3 different values of PRG are defined, 1,2 and 3 PRB according to its RBG (1,2,3 and 4). 
Based on the current agreement in RAN WG1, NR will have larger RBG size than LTE, which are 2,[3], 4, [6], 8 and 16. In LTE, the bundling size is mainly bandwidth dependent, that is, as the RBG varies with different carrier bandwith. 
However, it has been observed and also shown in our accompanying contribution [2,3], that PRB bundling can have a considerable impact on DM-RS channel estimation for different scenarios. Therefore, it would be more preferable to have PRB bundling size vary from minimum of one to certain maximum number. There have been two possible formulations for PRG size as functions of RBG to be studied as below.
· 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

According to the RBG size, the possible k values are limited. And, too large k value increase the complexity for channel feedback. Based on the evaluation results in [2,3], around upto 10 PRB, performance gain have been observed with some channel condition. Based on the deployement scenario, several bundling sizes can be preconfigured in set. For simple allocation and easy alignment with allocation size, PRG values should be selected from {RBG/2, RBG, RBG*2}. According to the resource allocation type, at least for non-contiguous allocation, PRG=2RBG cannot be adopted, but for contiguous allocation, it is considerable. 

Table 1 shows the example of PRG sizes (bundling size) for a given RBG.
Table 1. Example of PRG sizes for each RBG size.

	RBG
	PRG set1
	PRG set2

	2
	
	2, 4

	4
	2, 4
	4, 8

	8
	4, 8
	8, 16

	16
	8, 16
	


Proposal 1: NR support to configurable PRG sizes for a given RBG, which are selected from {RBG/2, RBG, RBG*2}. FFS: Detail application w.r.t. RA type.

On the other hand, since different suncarrier spacings have been agreed to be used for NR, bandwidth is not only related to the number of the RBs but also a function of subcarrier spacing. Mostly, RBG is more related to the siganling overhead for resource allocation, and it is more relavant to the number of the RBs available. Thus, PRB bundling size should be determined with the consideration of both number of RBs and subcarrier spacing. For each subcarrier spacing, PRG set can be configured with different values. 
Observation 1: RBG is more about the number of RBs in a carrier rather than the bandwidth because bandwidth should be defined by multiplying number of RBs and subcarrier spacing. 

Proposal 2: PRB bundling size should be defined differently for different numerology options. 

In RAN WG1 88bis meeting, we agreed that NR supports UE-specific RF bandwidth which is smaller than carrier bandwidth. For transparent operation, if UE-specific BW is configured, the PRB bundling size should be configured for UE-specific BW instead of the carrier bandwidth. 
Observation 2: If RBG is defined for UE-specific bandwidth configuration, the PRB bundling size may be configured differently for different UE’s configured BWs. 
For the case 2 of the agreement, Supporting PRB bundling length equal to the allocated bandwidth has been under consideration, but the impact of such large scale PRB bundling should be observed and if there is significant performance improvement, then PRB bundling size equal to whole allocated bandwidth can be supported. Though the case of larger PRB bundling size than allocation bandwidth is proposed for facillitatinf DFT-based channel estimation with lower complexity, it could yield waste of the radio resource, and the size is not hard to be pre-determined without complex signaling. Thus, it should be resolved by implementation without any further specification impact.

Proposal 3: PRB bundling size equal to whole allocation bandwidth could be considered for CP-OFDM  for downlink, and it should not be larger than allocation bandwidth. 
Though channel estimation without PRB bundling (PRG size of 1 PRB) may suffer performance degradation, this option is still required for some cases like, RB-level precoder cycling, very long delay channel and etc. 

Thus, it is good to provide the option of transmission without PRB bundling, and instead of explicit signaling, implicit method related to the transmission parameters is preferable. 

Proposal 4: one PRB based precoding should be supported for higher frequency selectivity and diversity reception 
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On the signalig of PRB bundling configurability



For NR, the PRB bundling size can be dependent up on the bandwidth allocation but also to be configurable. There should be a support for both semi-static and dynamic configuration for PRB bundling. As we agreed in RAN1 #88bis meeting, common PRB bundling size set could be semi-statically configured based on RRC configuration. The configuration is beneficial to be defined as a part of DM-RS configuration. According to the DM-RS density in a PRB, different PRB bundling size can be configured. Based on RRC configuration , 1 or 2 PRG values can be UE-specifically configured, and dynamic signaling is used for indicating the used PRG size.
Proposal 5: Both semi-static and dynamic configuration of PRB bundling should be supported in NR

For flexible PRB bundling configuration, different signalling options including both explicit and implicit signalling could be considered. The impact of PRB bundling on DM-RS channel estimation for different scenarios should be considered while desigining the signalling of PRB bundling size as different bundling sizes can provide considerable performance difference. In order not to increase signaling overhead, it is preferred to use implicit indication based on DM-RS configuration. The frequency density of DM-RS and/or the number of the DM-RS symbols can be possible parameters for this implicit indication. In case of higher frequency domain density, smaller PRB bundling cab be assumed because it is related to the channel delay profile, and if additional DM-RS is transmitted, lager PRG size can be assumed in UE.
Proposal 6: Dynamic indication of PRB bundling size should be supported, and implicit signaling based on the DM-RS configuration should be considered for low signaling overhead. 
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Summary 
In this section, we summarize the key observations/proposals related to PRB bundling for both uplink and downlink:
Proposal 1: NR support to configurable PRG sizes for a given RBG, which are selected from {RBG/2, RBG, RBG*2}. FFS: Detail application w.r.t. RA type.

Observation 1: RBG is more about the number of RBs in a carrier rather than the bandwidth because bandwidth should be defined by multiplying number of RBs and subcarrier spacing. 

Proposal 2: PRB bundling size should be defined differently for different numerology options. 

Observation 2: If RBG is defined for UE-specific bandwidth configuration, the PRB bundling size may be configured differently for different UE’s configured BWs.
Proposal 3: PRB bundling size equal to whole allocation bandwidth could be considered for CP-OFDM  for downlink, and it should not be larger than allocation bandwidth. 
Proposal 4: one PRB based precoding should be supported for higher frequency selectivity and diversity reception.
Proposal 5: Both semi-static and dynamic configuration of PRB bundling should be supported in NR

Proposal 6: Dynamic indication of PRB bundling size should be supported, and implicit signaling based on the DM-RS configuration should be considered for low signaling overhead.
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