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Introduction
In RAN1 AH3 Meeting [1], WG1 agreed on the followings for PRB bundling size definition and indication mechanism for MIMO transmission; 
· The PRB bundle defined in the absolute PRB grid of the wideband CC from network perspective is aligned with RBG boundary

· Support the 1 bit DCI indication for PRB bundling size
· Dynamic PRB bundling is part of UE capability signalling discussion;
· FFS details; 
· If UE does not support dynamic PRB bundling, then only one PRB bundling size is higher layer configured;
· FFS the detailed usage of the 1 bit;

This contribution is revision of an earlier contribution (R1-1716464) prepared for RAN1 AH3 [1]. In the contribution, we provide our views for an efficient definition, and design of RB bundling size for MIMO transmission.
Some Remarks on PRG Size Selection
In NR, it has been agreed that RBG size set can take any value from the set{2, 4, 8, 16} PRBs. However, the selection methodology for PRG size is still under the discussion. In a frequency selective channel, the performance of a MIMO system can be improved by considering more flexibility in choosing the precoding resolution. The selection of RBG and PRG sizes in LTE are very restricted, and the precoding operation is always applied on specific sizes of RBG and PRG. 
While such an approach offers some benefits in terms of feedback overhead, expanding possible selections of PRB bundling size by allowing both smaller and larger sizes of PRG is of interest in NR. As such, the PRG size can be selected more freely according to the frequency selectivity of the channel and/or the expected performance of the channel estimation. 
Beside the above mentioned benefits of having more RBG sizes for a downlink transmission, there are additional arguments in favor of introducing new set of RBG sizes for uplink transmission;
· Given the UE limited power, the possibility of a better channel estimation by the gNB for a cell-edge UE is an important aspect for a robust coverage. 
· Achieving a superior UL performance through a better channel estimation may allow some UEs to reduce their transmit power and result in a reduction of overall inter-cell interference.
· In low-latency UL transmission, where mini-slots may be used extensively, a wideband transmission is expected. Therefore, such UL transmissions can significantly benefit from an enhanced channel estimation at the gNB.
In certain scenarios, the performance of a MIMO system may be improved by considering a large PRG size to allow a more accurate channel estimation. However the expected enhancement depends much on the coherence bandwidth or frequency selectivity of the channel, and the channel estimation method [2]. As such, due to limited coherence bandwidth of the channel, the options for larger PRG size can not be extensive. Figure 1 shows correlation coefficient across subcarriers for different channel scenarios, indicating a limited possibility of very wideband averaging for channel estimation. As demonstrated in Figure 1, due to limited correlation of the channel for most relevant profiles, the maximum PRG size should not exceed 8 PRBs.
Proposal 1 – The max PRG size should not exceed 8 PRBs.
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PRG Size Determination
For CP-OFDM transmission, configurability of the PRG size should be supported to enable the MIMO transmission to adapt to the frequency selectivity of channel and facilitate channel estimation. The PRG size configurability feature can be supported by explicit signaling to the UE. However, to eliminate any additional feedback overhead resulting from explicitly signaling, employing an implicit approach for PRG size determination would be preferable. In the past meetings, some companies argued for a special case when a fall back to a PRG size of 1 PRB is needed. If an indication of a specific predefined value for PRG size, e.g. 1 PRB, becomes a design necessity, a DCI bit could be used to switch between using the predefined PRG size value or using an implicit rule to determine the PRG size.
Considering various use cases, for a given bandwidth, at least three different PRG sizes may be considered;
1- A small PRG size compared to the scheduled bandwidth to enable very narrow-band frequency selective precoding operation.
2- A large PRG size that may be as wide as the RBG size, or its multiple or a significant fraction of the scheduled bandwidth part to enable an improved channel estimation at the receiver. 
3- At least one mid-range PRG size that may be based on the channel frequency selectivity and may be directly linked to the configured RBG size, for example PRG = RBG/2^L, where L may be a fixed value per RBG.
A fully dynamic selection between the above different configurations may be realized by employing a few DCI bits, however this is neither efficient nor necessary. Alternatively, a single DCI bit can be used to indicate the choice between one option, and the other remaining two options. Then, the distinction between the remaining two options can be based on an implicit indication. 
As shown in Table 2, a single DCI bit can be used to indicate the choice between the first option (small PRG size), and the remaining two options of a large and a mid-range PRG sizes. Then, the selection between the second option (large PRG size) and the third option (mid-range PRG size) may be based on an implicit rule. For example, assuming a configured RBG size of 8 PRBs, for a transmission with a scheduled bandwidth of wider than  RBGs, the PRG shall be 8 PRBs, otherwise PRG=4, where x is a configured threshold. Therefore, by decoding the RA information, a UE would also be able to detect the PRG size. 
Table 1
	
	DCI=1
	DCI=0

	
	Explicit determination
	Implicit determination

	RBG
	PRG (Small)
	PRG (Mid-size)                         Ex.: If the scheduled bandwidth is  RBGs.
	PRG (Large size)                       Ex.: If the scheduled bandwidth is  RBGs.

	2
	1
	1
	2

	4
	1
	2
	4

	8
	1
	4
	8

	16
	1
	4
	16



Proposal 2 – RAN1 studies implicit methods for PRG size determination, such as scheduling size dependent PRG size.
Proposal 3 - If an indication of a specific predefined value for PRG size, e.g. 1 PRB, becomes a design necessity, a DCI bit could be used to indicate whether to use the predefined PRG size or an implicit rule to determine the PRG size.
Summary
In this contribution, we provide our views on the requirements and benefits of flexible RB bundling size in support of frequency selective precoding for MIMO transmission.
Proposal 1 – The max PRG size should not exceed 8 PRBs.
Proposal 2 – To minimize control overhead, RAN1 considers implicit methods for PRG size determination, such as scheduling size dependent PRG size.
Proposal 3 - If an indication of a specific predefined value for PRG size, e.g. 1 PRB, becomes a design necessity, a DCI bit could be used to indicate whether to use the predefined PRG size or an implicit rule to determine the PRG size.
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