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Introduction
In RAN1#87 [1], there has been agreement to study both the single carrier (DFT-S) and cyclic prefixed (CP) OFDMA for uplink transmission:
· Study further the PRB bundling size for UL data
· DFT-S-OFDM based transmissions
· Consider the case of contiguous scheduled PRBs and non-contiguous scheduled PRBs (if supported)
· Consider the impact due to UL DM-RS design
· CP-OFDM based transmissions
· Considering aspects related to non-reciprocity based CP-OFDM transmission (if supported) and reciprocity based CP-OFDM transmission (if supported)
There is a benefit of using PRB bundling in uplink. Since UEs have restriction on the transmit power, using PRB bundling can improve channel estimation at gNBs. However, large PRG size can lead to higher receiver complexity. Therefore, PRB bundling should be turned on and off efficiently based on the configuration. Also, in case of frequency selective precoding in reciprocity calibrated UEs, it may be beneficial not to use PRB bundling to achieve higher precoding gains. To allow configurability, the following has been agreed in RAN1- NR-ADHOC [2],
· Support PRB bundling for CP-OFDM 
· Study configurability of PRG size for CP-OFDM
· Study the PRG size
which motivates us to study when PRB bundling should be turned on and when it shouldn’t be used. The option to have flexibility to choose various configuration brings the requirements to efficiently decide when to turn on PRB and what PRG size should be selected. In this contribution, we present our views on PRB Bundling for UL, including the abovementioned study items.
PRB bundling
Physical Resource Block (PRB) bundling was introduced in LTE Rel 10. PRB Bundling refers to bundling of PRBs into PRB Groups (PRG). Over each group, the UE may assume that the same pre-coder is applied, guaranteeing that there are no phase discontinuities in the effective channel over these PRBs. This improves the channel estimation performance at UEs and hence leads to performance gains. However, in the cases where transmitter can perform per-PRB based precoding and/or there is channel reciprocity, the gains achieved by PRB bundling are reduced significantly [3]. On the other hand, the PRB bundling size, namely the PRG size, plays an important role in determining the system performance [4]. In LTE Rel 10, PRG size is determined purely dependent upon the system BW as per the following rule:
1. A PRG consists of consecutive PRBs
2. PRGs partition the system bandwidth 
3. The size of a PRG is fixed and is only determined by the corresponding system bandwidth 
There is a trade-off in the system performance when we increase the PRG size. High PRG size may improve channel estimation performance, but it also increases receiver complexity. For NR, PRG size must be selected in a way to maximize gain. 
Discussion on UL PRG size
Feasibility of PRB bundling and PRG size depends on the transmission mode of Uplink and pre-coder reporting configurations and channel reciprocity [5]. 
DFT-S-OFDMA based transmission
DFT-S-OFDMA refers to single carrier OFDMA which is used in LTE for uplink transmissions. In this modulation method, the transmitter cannot perform frequency selective per PRB precoding. For this case, the UE shall apply the same pre-coder for all scheduled PRBs which implies that PRG size is the whole scheduled bandwidth.
Proposal 1: If a UE is configured for DFT-S-OFDMA based transmission, it shall apply the same precoder for all scheduled PRBs and PRG size is the whole scheduled bandwidth.
CP-OFDMA based transmission
In NR, it is proposed that uplink may also use CP-OFDMA instead of DFT-S-OFDMA. This provides the flexibility to perform per-PRB precoding on the cost of a higher PAPR. Based on the reciprocity of the channel, configuration of PRB bundling can be determined. We believe that PRG bundling should be supported for CP-OFDMA case, however, the use of PRB bundling should be dependent on other conditions as described below.
3.2.1 Channel with reciprocity
If the UE is reciprocity calibrated, the UE can assume that uplink channel is same as the downlink channel which it can estimate. Based on the channel, it can itself decide the uplink pre-coder and the UE can perform per-PRB based precoding. However, it is not clear if allowing UEs to choose arbitrary pre-coder will improve the performance given their lack of knowledge of channels of other UEs. Therefore, we propose that it should be configurable to allow UEs to choose precoders themselves.
Proposal 2: For the case when a UE is reciprocity-calibrated, there should be flexibility to enable or disable the UE to choose UL precoder itself.
Since the gNB can estimate the channel from multiple UEs, it can compute precoder sets for UEs and can provide UEs with a set of precoders to use.  Then, UEs can select the precoder based on their channel and assuming channel reciprocity. If UEs are allowed to choose the precoder for uplink transmission themselves and they are configured to use non-precoded pilots, UEs will have to report precoder indicators to gNBs. Therefore, we propose that for the case where UEs are allowed to choose precoder themselves, UEs should be configured to precode the pilots with the same precoders as data.
Proposal 3: For the case when UEs are allowed to choose precoder themselves, UEs should be configured to send the precoded DMRS.
If UE selection of pre-coders are allowed, it is proposed have an option to configure to turn on PRB bundling to improve channel estimation performance and UE-specifically configure a PRG size in this case. 
In the case where UEs are not allowed to arbitrary choose pre-coder for uplink transmission, gNBs may provide or indicate the exact pre-coder to each UE to use. 
3.2.2 Channel without reciprocity
If the channel is not reciprocal, the UE cannot estimate the uplink channel and cannot itself decide the optimal uplink pre-coder. In this case, the BS must provide UE with the optimal pre-coder index which can be either done using transmit pre-coder matrix index (TPMI) or antenna port virtualization (using pre-coded pilots). In both cases, it is not possible to provide pre-coder information for each PRBs owing to the large overhead. 
For TPMI based transmission and TPMI based precoder cycling [6], either non-precoded or precoded DMRS can be considered. When non-precoded DMRS are used, the DMRS precoding granularity can be the full scheduled BW (regardless of whether precoder cycling is applied for PUSCH or not), which may give better channel estimation performance. On the other hand, when precoded DMRS are used, the precoding granularity of DMRS and PUSCH should be aligned. If a single TPMI is applicable for the full scheduled BW, the PRG size becomes the full scheduled BW; on the contrary, if precoder cycling is configured for the PUSCH, the PRG size could be UE-specifically configured. 
Proposal 4:  For TPMI based transmission, it should be configurable for UEs whether to send precoded DMRS or non-precoded DMRS.
Proposal 5: For the case when precoded DMRS are used for TPMI based transmission, the precoding granularity of DMRS and PUSCH should be aligned.
Summary
In this contribution, we have discussed the DMRS configuration for Uplink transmission and proposed the following:
· If a UE is configured for DFT-S-OFDMA based transmission, it shall apply the same precoder for all scheduled PRBs and PRG size is the whole scheduled bandwidth.
· For the case when a UE is reciprocity-calibrated, there should be flexibility to enable or disable the UE to choose UL precoder itself.
· For the case when UEs are allowed to choose precoder themselves, UEs should be configured to send the precoded DMRS.
· For TPMI based transmission, it should be configurable for UEs whether to send precoded DMRS or non-precoder DMRS.
· [bookmark: _GoBack]For the case when precoded DMRS are used for TPMI based transmission, the precoding granularity of DMRS and PUSCH should be aligned.
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