Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _GoBack]3GPP TSG-RAN WG1 #89ah-NR	R1- 1711009
Qingdao, China, 27th – 30th June, 2017

Source:	Ericsson
Title:	UL MIMO procedures for non-codebook based transmission
Agenda Item:	5.1.2.1.3
Document for:	Discussion and Decision
Introduction
In RAN1#88b, the following agreement was made:
Codebook based transmission for UL is supported at least by following signaling in UL grant:
· SRI+TPMI+TRI, where 
· The TPMI is used to indicate preferred precoder over the SRS ports in the selected SRS resource by the SRI.
· No SRI when a single SRS resource is configured
· The TPMI is used to indicate preferred precoder over the SRS ports in the configured single SRS resource.
· Support indication on selection of multiple SRS resources
· FFS details


· Scheme A: Codebook based UL transmission
· For the previous agreement “Support frequency selective precoding for CP-OFDM when the number of transmission port(s) is equal to or greater than X (FFS: Value of X).”, FFS the value X and the interpretation of transmission port(s)
· Scheme B: Non-codebook based UL transmission
· For the previous agreement “Support frequency selective precoding for CP-OFDM when the number of transmission port(s) is equal to or greater than Y (FFS: Value of Y).”, FFS the value Y and the interpretation of transmission port(s)


[bookmark: _Ref178064866]In this contribution, we discuss definitions of Non-codebook based UL transmission and Codebook based UL transmission and then further elaborate on Non-codebook based UL transmission. In our companion contribution [1] we further elaborate on Codebook based UL transmission.
Discussion
[bookmark: _Hlk485211523]Codebook based UL transmission and Non-codebook based UL transmission has been mentioned in previous agreements, but the definition of them has not yet been clarified. This paper aims to define the two transmission schemes and elaborate a bit more in detail about the Non-codebook based UL transmission scheme. The Codebook based UL transmission scheme will be further discussed in [1]. 
The main difference between the two UL transmission schemes is that for Codebook based UL transmission TPMI is signalled to the UE while for Non-codebook based UL transmission TPMI is not signalled. Another difference is that for Codebook based UL transmission, no PAs are intended (allowed) to be mapped to more than one SRS port in order to preserve the power amplifier utilization when applying additional precoding over the SRS ports. For non-codebook based UL transmission on the other side, PAs are intended (allowed) to be mapped to multiple SRS ports because no additional precoding will be applied over the SRS ports, see example in Figure 1 where each PA is mapped to all four SRS resources (where each SRS resource contain one SRS port).

For Codebook based UL transmission, at least TPMI is signalled back to the UE to determine precoder for UL transmissions.
For Non-codebook based UL transmission, no TPMI is signalled back to the UE, instead SRI(s) will be signalled back to the UE to determine precoder for UL transmissions.
Non-codebook based UL transmission
In the remaining part of this contribution we will elaborate a bit further about the Non-codebook based UL transmission. 
The main use case of Non-codebook based UL transmission is for reciprocity based beamforming at the UE. The UE is scheduled with one or multiple SRS resources, where each SRS resource contains one SRS port. The UE then determines based on DL reference signals the beamforming weights for respective SRS resource before transmitting them to the TRP. The TRP performs measurements on the SRS resources, select one or multiple SRS resources to be used for UL transmissions and signals them to the UE using SRS resource indicators (SRI(s)). The UE then applies one data layer per SRI during coming PUSCH transmissions. In ran1#88bis it was agreed that multiple SRIs is supported for Codebook based UL transmission, but it makes even more sense to use it for Non-codebook based UL transmission. 
Multiple SRIs can be used both when TPMI is signalled or when no TPMI is signalled. 
In order to mitigate the UL inter-TRP interference generated from Non-codebook based UL transmissions it is preferred that the UE transmits a number of different SRS resources in different directions and that the TRP selects preferred SRS resource(s) partly based on generated interference to neighbouring TRPs. In order to further reduce the inter-TRP interference, the UE can change the beamforming vectors of the SRS resources that were not selected for UL transmission for the next SRS transmission. In this way the UE will eventually find beamforming weights that generates small inter-TRP interference. 
Frequency selective UL closed loop precoding has not been shown so far to provide substantial gains, at least for codebook based precoding [1]. Reciprocity based high resolution precoding may have additional potential for gain, and could also avoid extra overhead for frequency selective SRI. If full reciprocity cannot be utilized, frequency selective precoding could be enabled for Non-codebook based UL transmissions by using frequency selective SRI. However, this will also lead to increased overhead signalling, so further studies will be needed to evaluate the performance gain vs. overhead of such schemes. 
Further study needed for frequency selective SRI performance gain vs. overhead of closed loop frequency selective precoding for Non-codebook based UL transmission.

[image: ]
Figure 1	 Non-codebook based UL transmission where each PA is mapped to multiple SRS ports
Conclusions
1. [bookmark: _In-sequence_SDU_delivery]For Codebook based UL transmission, at least TPMI is signalled back to the UE to determine precoder for UL transmissions.
For Non-codebook based UL transmission, no TPMI is signalled back to the UE, instead SRI(s) will be signalled back to the UE to determine precoder for UL transmissions.
NR should support multiple SRI feedback in order to facilitate higher order spatial multiplexing for Non-codebook based UL transmissions.
Study performance gain vs. overhead of closed loop frequency selective precoding for Non-codebook based UL transmission.
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