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1. Introduction

In 3GPP RAN1#88, the following agreements on PRB bundling have been reached [1]:

· Support DMRS bundling in time domain

· At least time domain bundling with slot aggregation of DL-only slots is supported

· DMRS pattern within the first slot is not impacted by the time domain DMRS bundling

· FFS: Consider further overhead reduction of DMRS in case of bundling in time domain

· Consider whether to use mechanism of UE-assisted DMRS configuration. 

· Consider whether to use UE-assisted configuration of PRG size
Furthermore, in 3GPP RAN1#88bis, it’s agreed that [2]:
· 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 the last meeting, the following agreements have been reached [3]:
· For DL data transmission

· PRB bundling size include (including possible downselection)

· Case 1: value(s) based on RBG

· FFS RBG/k, where k is integer, FFS the value(s) of k

· FFS m * RBG, where m is integer, FFS whether m is always equal to 1

· Case 2: other values based on bandwidth part, and/or scheduled bandwidth and/or UE capability etc.

· E.g., Consecutive scheduled bandwidth 

· FFS restrictions

· E.g., Values equal or larger than scheduled BW

· FFS restrictions 

· FFS other cases;

· FFS the relationship between above values with e.g. DMRS patterns

· FFS UE feedback assisted PRB bundling size with respect to UE complexity, feedback overhead increase and performance gains.

· FFS joint or separate indication of PRB bundling size on data and DMRS
In this contribution, we present our considerations on PRB bundling operation in DL. 
2. Discussion on PRB bundling for DL 
In NR, for frequency bands up to 100GHz, propagation conditions are quite different to sub 6GHz bands. Moreover, introduction of hybrid/analog beamforming makes the situation even more complicated. Therefore, it’s reasonable to revisit this issue now.
To improve channel estimation performance through joint processing, the PRG size should be selected to match the property of channel, i.e., the coherent bandwidth. The coherent bandwidth is determined by delay spread of rays, which is a highly scenario dependent parameter of channel.

For a system based on large-scale antenna array in high frequency band, much narrower beams have to be used to achieve high array gain compensating the non-ideal factors like large pathloss.  In such scenario, beamforming operation influences the propagation properties of signal observed by the receiver. The narrow beam applied on transmission signal induces additional selectivity in spatial characteristics of the equivalent channel. Through proper beam searching and tracking procedures, beam pairs could be built up to concentrate the transmission toward dominant scatters at the transmitter and focus the beam to selectively receive the signal correspondingly at the receiver side. 

As fewer rays are actually selected through Tx and Rx beamforming, less spread in delay of the discernible rays is expected. Therefore, the resultant selectivity of equivalent channel in frequency domain could be reduced. That is, larger coherent bandwidth would be observed in beamforming system deployed at higher frequency band. 

Observation 1: The PRG sizes should be determined considering deployment scenarios and Tx/Rx beamforming, rather than system bandwidth only.
The intention of introducing PRB bundling was to improve channel estimation performance of DMRS. Actually, the DMRS pattern design itself is highly dependent to the properties of channel as well. Based on this observation, RAN1 also agreed to support variable/configurable DMRS pattern.
Therefore, it’s natural to consider tying the configurations of PRG size and DMRS patterns. By doing so, the system may indicate the DMRS pattern in scheduled transmission, which implies that certain size for PRB bundling is to be used on the corresponding resources. Or, in turn, PRG size can informed explicitly, and thus corresponding DMRS pattern can be assumed by UE. Alternatively, the combination of PRG size and DMRS pattern can be indicated to each UE being scheduled. 
Proposal 1: Consider to configure PRG size and DMRS pattern jointly.
Based on full knowledge of DL channel state, interference and noise, receiver structure as well as channel estimation algorithm, it’s also possible for UE to assist the configuration of PRG size and DMRS pattern. For example, based on CSI measurement with CSI-RS, UE can estimate the channel qualities with different assumptions on DMRS patterns and/or PRG sizes. Recommendations on configurations of DMRS pattern and/or PRG size and CSI based on the corresponding hypotheses can be reported to the network. And then, it’s up to the network to make the decision on exact configurations of DMRS pattern and/or PRG size.   

Proposal 2: Support UE-assisted configuration of PRG size and DMRS pattern.
As described above, for TDD system with full channel reciprocity, it’s more desirable to reap benefit of frequency-selective precoding/beamfomring gain. Therefore, in LTE, PRB bundling can be supported only if PMI reporting is configured. However, it’s noted that, with highly directional antenna array, the delay spread would be lower. Therefore, the equivalent channel with Tx and Rx beamforming would tend to show less selectivity in frequency domain. That makes frequency-selective precoding/beamforming with high granularity less meaningful too. In such case, the TRP might choose to precode the data with much lower granularity, or over more PRBs, in frequency to reduce the complexity in precoder/beamformer calculation and updating. Whereas, without knowing the precoding granularity in frequency domain, UE can’t achieve additional gain with joint processing of channel estimation. 

Based on the above consideration, it’s agreed that, PRB bundling can also be supported for TDD system to reap the gain of joint channel estimation without losing the benefit with frequency-selective precoding/beamforming. What’s more, PRG size and DMRS pattern can be configured based on the channel knowledge acquired from channel reciprocity in TDD system.

Proposal 3: Consider reciprocity based PRG size and DMRS pattern configuration for TDD system.
Currently, PRB bundling defines the precoding granularity in frequency domain only. Similar mechanism can also be extended to time domain. For example, if a UE is to be scheduled in a few consecutive time units, a precoding resource block group size in time domain can be defined too. With PRG sizes in both frequency and time domains, UE may assume that the same precoder is applied on each of the precoding resource groups.

DMRS patterns designed for bundling in time domain over a specific number of time units could also be used to further improve the performance. It’s noted that, in such case, the influence of phase variations among time units may need to be taken into account. 
Observation 2: With time domain bundling, as joint channel estimation is applicable, it would be possible to reduce DMRS overhead by using sparser pattern.
Proposal 4: Consider further overhead reduction of DMRS in case of bundling in time domain.

3. Conclusions

This contribution provides our considerations on DL DMRS design for NR MIMO. Based on the discussion above, we have the following observations and proposal:
Observation 1: The PRG sizes should be determined considering deployment scenarios and Tx/Rx beamforming, rather than system bandwidth only.
Proposal 1: Consider to configure PRG size and DMRS pattern jointly.
Proposal 2: Support UE-assisted configuration of PRG size and DMRS pattern.
Proposal 3: Consider reciprocity based PRG size and DMRS pattern configuration for TDD system.
Proposal 4: Consider further overhead reduction of DMRS in case of bundling in time domain.

Observation 2: With time domain bundling, as joint channel estimation is applicable, it would be possible to reduce DMRS overhead by using sparser pattern.
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