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1. Introduction

In RAN1#89 meeting [1], it was agreed that:

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, aspects on PRB bundling for DL precoding are further discussed. 
2.   PRB bundling 
2.1 Flexibility requirements
The tradeoff among the performance of precoding and estimation accuracy should be considered for the configuration of PRB bundling. Generally, for the channel with significant frequency selectivity, the configuration with small PRG size will improve the performance of precoding. On other hand, larger granularity for PRB bundling could be considered for improving channel estimation accuracy. Moreover, smaller PRG size does not help if the obtained channel information obtained by gNB has limited accuracy or the granularity for CSI feedback is larger, e.g., wideband PMI.
In NR system, since the much wider band will be adopted and different services will also be supported simultaneously, channel characteristics will be higher variety than LTE. Moreover, for operation with multiple-beams, frequency selectivity of channel will be changed if different configurations of analog beam, e.g., bandwidth, are adopted. 
According to the analysis above, it’s not the proper way to determine the PRG size only considering the influence of bandwidth and whether existing of PMI feedback or not. The following enhancements should be considered:
a. Since different beams may be adopted for the transmission of the control and data channel, e.g., wider beam for control channel and narrow beam for data, and these beams could be time-variant, the more flexible configuration should be supported, e.g., Different PRG size could be configured for different Tx/Rx beam pairs.
b. If multiple beams will be used for DL data transmission with multiple layers, different channel will be experienced by each layer and per layer configuration of PRG size should be considered.
c. For open-loop and semi-open loop transmission, different PRG size will lead to various diversity gain. In case with more frequency resource, large PRG size can be considered. Otherwise, small PRG size should be configured to obtain more diversity gain.
d. In CoMP and MU-MIMO cases, dynamic change on scheduling or dynamic change on transmission point will result in different channel properties and precoding requirement. Different PRG size could be considered once QCL indication is changed or dynamic disabling can be supported. More specifically, even for DPS and JT, various channel will be observed and different PRG size can be configured.   For advanced receiver which does channel estimation for interference as well, it is also possible the PRG size for channel part is different from the PRG size for interference part.  Therefore, DMRS port group based bundling configuration is beneficial.
e. Considering estimation performance of DM-RS, large PRG size should be considered in low SNR case. And smaller PRG size is adopted in large SNR case to enhance transmission efficiency. Furthermore, since SNR of channel can be derived from CQI/MCS, the flexible configuration of PRG size can be also done based on CQI feedback and MCS.
Observation 1: At least the following factors should be considered when determine the optimal PRG size:  
· Beam/channel characteristics for transmission and reception 
· Diversity gain
· Changing of TRP
· Channel SNR 
· Allocation of frequency resource including frequency selective MU-MIMO pairing
In order to adapt to different situations, we have the following proposal:

Proposal 1：Flexible PRG size configuration should be supported.
Proposal 2：DMRS port group based bundling configuration is supported considering both channel and interference parts.

In addition, time-domain bundling can be considered together with PRB bundling.  More details can be found in our companion contributions[2][3]. 

2.2 Configuration signaling
For achieving flexible configuration of PRG size, following two methods can be considered:
· Alt.1:  Pre-define multiple PRG size can be configured by gNB for different transmission schemes, e.g., configure the PRG size for multiple beams, or for different resource allocation. The UE could identify which PRG size is adopted after detecting the current transmission setting. Moreover, when the beam correspondence is held at both TRP and UE, the PRG size for UL/DL could be configured jointly, e.g., same PRG size can be configured for the DL/UL channel if same beams are adopted in both TRP and Rx for signal transmission or reception.

· Alt.2:  Indicate the configuration of PRG size dynamically via the DCI signalling in case of the beam change, resource allocation of MCS.
One example of this approach is shown in Figure 1. In this case, one pool of PRG sizes is configured by gNB via RRC signalling. Then, some of them are activated by MAC CE for potential usage in long-term condition. Then the required value can be dynamically selected from the activated set via DCI. 
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Figure 1 Illustration of the PRG configuration
More specifically, the following adoptions can be considered in the implementation:
· In case of the absence of MAC CE, the pre-define rule should be considered for the activation of sub-set.

· In case of the absence of DCI, the pre-defined rule, e.g., select the first value from the activated set by MAC CE, should be considered to for the PRG configuration. 
· In case of the absence of MAC CE and DCI, pre-defined rule should be considered for determining PRG size from the RRC configured candidates 
Moreover, the DCI could also be used to select the subset of PRG size from the RRC configured candidates. 
Considering the advantage of both Alts, e.g., no signalling is required for Alt 1, more flexibility is expected for Alt 2, both methods could be considered to support the configurable PRB bundling size. 
Proposal 3：Both Alt.1 and Alt.2 should be considered for configuration of PRB bundling size in NR. 
3. Conclusion

In this contribution, the configuration for PRB bundling size is analyses with the following observation and proposals: 
Observation 1: At least the following factors should be considered when determine the optimal PRG size:  
· Beam/channel characteristics for transmission and reception 

· Diversity gain

· Changing of TRP
· Channel SNR 

· Allocation of frequency resource including frequency selective MU-MIMO pairing
Proposal 1： Flexible PRG size configuration should be supported 
Proposal 2：DMRS port group based bundling configuration is supported considering both channel and interference parts.
Proposal 3：Both Alt.1 and Alt.2 should be considered for configuration of PRB bundling size in NR
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