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Introduction
[bookmark: _Ref178064866]Some critical open issues remaining for PRB bundling for DL was listed in [1]:
1. Case 1 PRB bundling size: whether to support Bundle = 1 RB
2. Default PRG configuration, prior to RRC configuration
3. FFS the detailed usage of the 1 bit;
In this contribution, we address these issues to finalize the PRB bundling discussion for Rel.15 downlink NR. Note that we suggest to also take the time domain into account in the PRB bundling definition as NR will support multi-slot scheduling including TB repetition.
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,full} of possible PRB bundling sizes in frequency domain where “full” means Case 2.
[bookmark: _Toc492912435][bookmark: _Toc494107346][bookmark: _Toc494110359][bookmark: _Toc494697002]PRB bundle size of 1 RB in frequency domain is supported
PRB bundling for multi-slot scheduling
In case multi-slot scheduling is used, it is beneficial if the PRB bundling extends across slots so that the UE can utilize the channel estimates from previous slots to enhance the estimates in the current slot. 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order to maximize the spatial diversity gain, if the CSI is not accurate, e.g. polarization co-phasing information is outdated. 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 “bundle” to also cover the time domain. A PRB bundle thus extends {1,2,4,all} RB in frequency and one or more slots in time domain.  
[bookmark: _Toc494110360][bookmark: _Toc494697003]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 consecutive slots 
Use of 1 bit in DCI and associated RRC signalling
In our view, the following PRB bundle sizes are supported {1,2,4,full} where full means “values equal to consecutively scheduled bandwidth in frequency”. The gNB needs to be able to switch between PRG bundle sizes depending on the availability of CSI. If uplink is overloaded, then CSI report or SRS cannot be scheduled and gNB need to resort to open loop type of transmission, e.g. small bundle size and transparent precoder cycling. Also, depending on whether SU or MU is scheduled, the PRG bundling size can be larger. 
Since support of dynamic switching is a UE capability, RRC signaling is needed to configure this feature.
[bookmark: _Toc494107347][bookmark: _Toc494110361][bookmark: _Toc494697004]Whether dynamic PRB bundling indication is used or not is configured by UE specific RRC signaling.  
Note that whether the DCI always contain this 1 bit field or not can be discussed in the agenda discussing DCI formats since there will be many possible fields in DCI and there proposals to solve this using a DCI header. 
We propose that 1 bit in DCI dynamically switches between two RRC configured PRB bundling states where each state has a frequency and time bundling definition. The bundling values in frequency domain are selected from the list {1,2,4,full} RBs while the bundling values in time is {1,x} where x is FFS depending on the outcome of the multi-slot scheduling agenda item  
[bookmark: _Toc492281016][bookmark: _Toc492912436][bookmark: _Toc494107348][bookmark: _Toc494110362][bookmark: _Toc494697005]When dynamic PRB bundling indication is enabled, the 1 bit field in DCI is used to dynamically switch between two RRC configured PRB bundling states. Values can be selected from {1,2,4,all} RBs and {1,x} slots where x is FFS. 
Default PRB bundle size prior to RRC configuration
Prior to RRC signaling, it is unknown whether UE supports dynamic switching of PRB bundling, hence a single PRB bundling state must be used. Messages prior to RRC is for example RMSI, which is roughly 250 bits and thus will use around 12 RB or more. The PDSCH containing initial RRC is likely much larger than 250 bits. Hence, there is no need to use 1 RB in this case. Still specification transparent transmit diversity should be possible and thus we suggest the use of  2 RB for default bundling size in frequency and 1 slot in time.
[bookmark: _Toc494107349][bookmark: _Toc492281017][bookmark: _Toc492912437][bookmark: _Toc494110363][bookmark: _Toc494697006]The default (prior to RRC configuration) downlink PRB bundling configuration is 2 RB in frequency and 1 slot in time.
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 consecutive slots
Proposal 3	Whether dynamic PRB bundling indication is used or not is configured by UE specific RRC signaling.
Proposal 4	When dynamic PRB bundling indication is enabled, the 1 bit field in DCI is used to dynamically switch between two RRC configured PRB bundling states. Values can be selected from {1,2,4,all} RBs and {1,x} slots where x is FFS.
Proposal 5	The default (prior to RRC configuration) downlink PRB bundling configuration is 2 RB in frequency and 1 slot in time.
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