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Introduction
[bookmark: _Ref178064866]Last meeting the following was agreed with two remaining FFSs:
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 address the first of these FFS issues and also a few other clarifications needed related to DL PRB bundling.
Discussion
Whether to support 1 RB bundling size
The use case for 1 RB bundling size would be either RA type 0 with RBG size equal to 1, or RA type 1 to allow for very fast changing precoder cycling per RB. An alternative would be to use Case 2 where the precoder cycling change from RB to RB or from subcarrier to subcarrier has to be very slow. Hence Case 2 is better tailored for larger scheduling BWs. So the remaining use case for 1 RB PRG size is then the small resource allocations. 
As observed in [2], PRG size of 1 RB increases the possibilities and flexibility for MU-MIMO pairing. Also [3] discuss the use of reciprocity where a single RB granularity can be useful to follow the channel variations but where time domain channel estimation is less useful due to non-comb based structure (DMRS config type 2).  
Hence, we propose that also 1 RB is added to the set {2,4, scheduled BW} of possible PRB bundling sizes in frequency domain where “scheduled BW” means Case 2.
[bookmark: _Toc492912435][bookmark: _Toc494107346][bookmark: _Toc494110359][bookmark: _Toc494697002][bookmark: _Toc498437561]PRB bundle size of 1 RB in frequency domain is supported
PRB bundling for multi-slot scheduling
In case multi-slot scheduling is used with contiguous slots, it is beneficial if the PRB bundling extends across slots so that the UE can utilize the DMRS channel estimates from multiple slots to enhance the estimates. On the other hand, there are cases where the gNB would like to change the precoder from slot to slot in order to maximize the spatial diversity gain, if the CSI is not accurate, e.g. polarization co-phasing information is outdated. Also, there could be cases with multi-slot scheduling where slots are not contiguous or may have an UL part in the “middle”. 
One such use case is when repetition of a transport block is used across multiple slots as agreed in RAN1#AH3. Whether such precoder cycling over time is used depends on the CSI availability at the gNB and thus need to change dynamically. 
Therefore, we propose to extend the concept of a “PRB bundle” to also cover the time domain. A PRB bundle thus extends {1,2,4, scheduled BW} RB in frequency and one or more slots in time domain depending on the outcome of the discussion in the scheduling agenda item.  
[bookmark: _Toc494110360][bookmark: _Toc494697003][bookmark: _Toc498437562]Extend the frequency domain definition of a PRB bundle to time dimension by also specifying whether a PRG to be valid over one slot or multiple slots in case of consecutive multi-slot scheduling or transport block repetition
PRB bundling in the case of non-consecutive RB scheduling
The following PRB bundle sizes are supported {1,2,4,full} where full may mean 
· “across consecutively scheduled RBs in frequency” or 
· “across all scheduled RBs in frequency, even if non-consecutive RBs are scheduled”
The interpretation of this needs to be clarified. A simple solution could be:
[bookmark: _Toc498437563]When PRB bundling is indicated as “scheduled BW” and non-consecutive RB scheduling is used, then the UE may assume that the same precoder is used across all RB within each cluster of consecutive RBs while not across different clusters

Conclusions
Based on the discussion in this contribution we propose the 
Proposal 1	PRB bundle size of 1 RB in frequency domain is supported
Proposal 2	Extend the frequency domain definition of a PRB bundle to time dimension by also specifying whether a PRG to be valid over one slot or multiple slots in case of consecutive multi-slot scheduling or transport block repetition
Proposal 3	When PRB bundling is indicated as “scheduled BW” and non-consecutive RB scheduling is used, then the UE may assume that the same precoder is used across all RB within each cluster of consecutive RBs while not across different clusters
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