3GPP TSG RAN WG1 Meeting #87

       R1-1612490
Reno, USA 14th - 18th November 2016

Agenda item:
7.1.3.2
Source:
Samsung
Title:
Discussion on SRS transmission in NR
Document for:
Discussion and Decision
1 Introduction

In last RAN1#86bis meeting, there was a discussion on UL control channel and one of the remaining issues is how to multiplex UL control channel with SRS as follows [1]:
Agreements:
· At least two ways of transmissions are supported for NR UL control channel

· UL control channel can be transmitted in short duration

· around the last transmitted UL symbol(s) of a slot
· FFS: How to define and treat the potential gap at the end of the slot
· FFS: in the other positions, e.g., the first UL symbol(s) of a slot

· TDMed and/or FDMed with UL data channel within a slot

· UL control channel can be transmitted in long duration

· over multiple UL symbols to improve coverage

· FDMed with UL data channel within a slot

· FFS how to multiplex with SRS

· The frequency resource and hopping, if hopping is used, may not spread over the carrier bandwidth
On the other hand, SRS transmission bandwidth was discussed in last RAN1#86bis meeting and the following agreements were achieved [1]:
Agreements:
· NR supports configurable SRS bandwidth
· Partial-band size can be configured
· Partial-band is smaller than the largest transmission bandwidth supported by the UE
· Within a partial-band the PRBs for SRS transmission can at least be consecutive in the freq. domain

· FFS: Size of partial band
· FFS: Non-consecutive within partial band
· FFS: Multiple partial-bands transmitted simultaneously considering impact with OFDM and DFT-S-OFDM waveforms
· FFS: Simultaneous transmission can be from multiple panels.
· FFS: Frequency hopping of partial bands 
· Full band size can be configured
· Equal to the largest transmission bandwidth supported by the UE 
· NR supports aperiodic SRS transmission triggered by the network
· FFS on other trigger mechanism, e.g. event triggered
· FFS on multi-shot SRS transmission, e.g. the UE transmits SRS multiple times with single trigger from network  
· FFS: NR supports at least one of followings 
· Periodic SRS transmission
· Semi-persistent SRS transmission
FFS: NR supports multiple numerologies for SRS transmission from one UE
This document will discuss some aspects to design NR SRS transmission mechanism.
2 Discussion
In LTE, the SRSs have been used for uplink channel sounding to enable dynamic uplink frequency-selective resource allocation, as well as for reciprocity-aided beamforming in the downlink, especially in TDD operation. In achieving this purpose, LTE has supported both full band SRS transmission (e.g., SRS is transmitted in the entire system bandwidth) and partial band (or sub-band) SRS transmission.
Full band SRS transmission provides the most complete channel information with a single SRS transmission. This approach is efficient from a resource-utilization point of view as less SC-FDM symbols need to be used to sound a given overall bandwidth. However, the gain that can be taken from the complete channel estimation exists when the UE is sufficiently close to the gNB, and this gain degrades as the path-loss increases because received power density per RE at the gNB is relatively low. So, partial-band SRS transmission has been used for a high uplink path-loss which allows for the available transmit power can be concentrated on a more narrow frequency range and then the SRS can be hop over the total band to be sounded, resulting in increasing the SRS coverage. So, these facts have been taken into account in NR-SRS design.
Proposal 1: NR supports partial band SRS transmission with frequency hopping.
NR has several key features that are different from LTE. One feature is to efficiently support forward compatibility for the potential usage scenarios and services in the future. Another feature is to support hybrid beamforming architecture that is mainly intended for operating in mmWave band. Another one is to minimize power consumption at both gNB and UE leading to a lean design. The SRS transmission in NR should be designed with consideration of supporting these important features.

Consideration of Forward Compatibility
Blank resources will be introduced in NR for forward compatibility and this is applicable also for the SRS transmission mechanism for NR. For example, in case of a partial-band SRS transmission with frequency hopping, the SRSs may not be transmitted in some sub-bands, for example in order to use such sub-bands for URLLC control/data transmission or for any future application (e.g. for repetitions of mMTC UL transmissions). As another example, it should be possible to use different numerologies for SRS transmissions depending on the required services/usage scenarios, e.g., SRS for eMBB UEs and SRS for URLLC UEs can have different numerologies and sub-bands for simultaneous SRS transmissions using one numerology should be different that sub-bands of SRS transmissions using another numerology.
Proposal 2: NR supports a SRS transmission in a sub-set of sub-bands of an UL bandwidth. 

Multiplexing SRS with Other UL Channels
In RAN1#86bits it was agreed that NR UL control channel can be located around the last transmitted UL symbol(s) of a slot. If the SRS transmission has to be performed on the last symbol of the slot, SRS transmission may collide with NR UL control channel transmission from different UEs. This collision can be avoided if it is allowed to transmit the SRSs on the other symbol, e.g., the second last symbol. Therefore, TDM between SRS and UL control channels should be considered. On the other hand, NR UL control channel can be transmitted in some sub-bands rather than in the entire system bandwidth for the purpose of UEs' power saving, forward compatibility, BW containment, etc.. In this case, SRS transmission can be on sub-bands that are different from the bands used for UL control channel transmission. Sub-band hopping across slots can also be supported in order to enable sounding of the entire UL BW.  Therefore, FDM between SRS and UL control channels should also be considered. 

Proposal 3: Further study both TDM and FDM between SRS and other UL channels.
Consideration of hybrid beamforming
Taking into account hybrid beamforming aspects on UL, it is desirable to allow multi-shot SRS transmission over a slot and/or mini-slot with single trigger from the network. This can facilitate rapid UL beam management and potentially DL beam management assuming DL/UL beam reciprocity. This multi-shot SRS transmission can also be applicable for NR MIMO operation to be enhanced.

Proposal 4: NR supports multiple  SRS transmissions over a slot and/or mini-slot with single trigger from a network.
3 Conclusion
In this contribution, we have discussed some aspects to design NR SRS transmission mechanism and our proposals are as follows:
Proposal 1: NR supports partial band SRS transmission with frequency hopping.
Proposal 2: NR supports a SRS transmission in a sub-set of sub-bands of an UL bandwidth. 

Proposal 3: Further study both TDM and FDM between SRS and other UL channels.
Proposal 4: NR supports multiple  SRS transmissions over a slot and/or mini-slot with single trigger from a network.
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