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Introduction
[bookmark: _Ref178064866]The following critical open issues remains for PRB bundling for DL [1]:
1. Case 1 PRB bundling size: whether to support Bundle = 1 RB
2. Default PRG configuration, prior to RRC configuration
3. How to signal the up to 1 bit in the DCI including whether to jointly indicate PRB bundling size with other signaling
In this contribution, we address these issues to finalize the PRB bundling discussion for Rel.15 downlink NR. 

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. 
[image: ]
Figure 1 Channel estimation performance for different PRB bundling sizes for a fixed 16 RB resource allocation
Figure 1 shows the channel estimation error for different bundling sizes and it can be observed that 1 RB size works well and is even superior to 4 RB at high SNR. Using 1 RB is beneficial for transparent transmit diversity and hence, we propose that also 1 RB is included in the set of possible PRB bundling sizes. 
[bookmark: _Toc492912435]PRB bundle size of 1 RB is supported
DCI and RRC signalling
In our view, the following PRB bundle sizes are supported {2,4,full} where full means “values equal to consecutively scheduled bandwidth in frequency”. For flexibility, especially in terms of dynamic switching between SU and MU MIMO scheduling, we propose that 1 bit in DCI dynamically switches between two RRC configured values from the list {2,4,full}.
[bookmark: _Toc492281016][bookmark: _Toc492912436]The DCI can dynamically switch between two RRC configured PRB bundling values from the set {2,4,full}
Default PRG configuration
It has been agreed to dynamically indicate the PRB bundling size. In the discussion leading to this agreement, multiple use-cases has been identified where there are benefits. One that have been discussed extensively is for reciprocity operation. 
In some open-loop cases, the main performance criterion is that we want low error rate on the transmission, in some cases we are link budget limited and need to achieve high beam-forming gain. In terms of transmission format this means that in one case we want to use UE transparent transmit diversity with a small PRB bundle size and in one other case wide band beam-forming with a large PRB bundling size (due to the missing CSI). In terms of signaling we hence need to signal (unless using blind detection) between a small PRB bundling size for transmit diversity and a large PRB bundling size (e.g. the consecutively scheduled bandwidth as in Case 2)
We can further observe that even for planned handovers or similar, a bit indicator in DCI is beneficial by allowing fast transparent switching. That is for some use cases the transmitter could switch from a CSI based pre-coding scheme when served with one TRP to an open-loop beam-forming when served by the other TRP (i.e. TS 38.211-specification transparent precoder cycling), for example, when performing intra- or inter-node mobility. In these mobility cases the SNR operating point can be low and channel estimation performance can be quite limiting. Hence having the option to use large frequency domain filtering is important for performance when operating at low SNR.
Whether to use narrow or wide bundling thus depends on the CSI knowledge at the network and other factors, we therefore propose that DCI selects between two default configurations where one is Case 1 with smallest bundle size and the other is Case 2. 
[bookmark: _Toc492281017][bookmark: _Toc492912437]The default (prior to RRC configuration) downlink PRB bundling configurations is 2 RB and “full” and the selection among the two is performed by DCI.  

Conclusions
Based on the discussion in this contribution we propose the 
Proposal 1	PRB bundle size of 1 RB is supported
Proposal 2	The DCI can dynamically switch between two RRC configured PRB bundling values from the set {2,4,full}
Proposal 3	The default (prior to RRC configuration) downlink PRB bundling configurations is 2 RB and “full” and the selection among the two is performed by DCI.
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Appendix


	Parameter
	Value

	Channel Model
	TDL-C

	Numerology
	15KHz

	Carrier frequency
	4GHz

	Transmission Slot Length
	14 symbols, with first 2 symbols reserved for PDCCH

	Transmission mode
	FDD

	Number of UE
	1

	UE speed 
	3 km/h

	Delay spread
	300ns

	Allocated bandwidth
	16 PRBs

	Link Adaptation
	Disabled

	Antenna configuration
	4Tx, 4Rx

	MIMO Layers
	2

	Channel estimator
	Practical LMMSE

	PRB bundled size
	1, 2, 4, 8 PRBs

	DMRS ports
	Type 1, FDM 2 ports, front loaded only
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