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Introduction
In RAN1-NRAH3, the following agreements were reached online and offline:
The following were agreed in RAN1#90:
· For PUSCH precoder determination in non-codebook-based UL MIMO, support Alt.1, (i.e., at least SRI(s) only without TPMI indication in the UL grant) for wideband indication.
· Note: The gNB should only signal SRI(s) such that the UL precoding transmission inferred from the signaled SRI(s) can be simultaneously conducted by the UE. 
· FFS details
· FFS: If sub-band indication is supported, down-select Alt. 1-3 for it
· Specify UE capability identifying if UL MIMO capable UE can support coherent transmission across its transmit chains
· FFS: if UE capability identifies if coherent transmission is supported on all of, vs. none of, vs. on a subset, of its transmit chains
· FFS: how UL MIMO precoding design takes into account the above capability

While the following were agreed in offline discussions in RAN1 NR AH#3 [1]:
· For non-codebook based transmission, a total of up to 4 SRS ports can be indicated using SRI(s)
· Note: For non-codebook based precoding, each SRS resource contains one port

[bookmark: _Ref178064866]In this contribution, we discuss non-codebook based UL transmission and present some further details on SRI indication. In particular, we address the open issue of how the UE should signal SRI(s) such that the UL precoding inferred from the SRI(s) can be simultaneously conducted by the UE, how SRI signaling should take this into account, as well as the need for frequency selective signaling of SRI.
Non-codebook based UL transmission
SRS resources can be narrow band and hence only occupy parts of the entire frequency band. However, the SRI(s) determining the preferred SRS resource(s) should be considered as wideband, which means that the SRI should be applied to the entire bandwidth of the corresponding PUSCH transmission. For instance, if wideband precoding of the SRS resource is used, the UE simply applies that same precoding for the entire PUSCH allocation. If frequency-selective precoding of the SRS resource is used, the UE shall not be expected to be scheduled on a resource allocation where it has not previously transmitted an SRS.
Frequency selective UL closed loop precoding has not been shown so far to provide substantial gains, at least for codebook based precoding [2][3][4]. 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 signaling, so further studies will be needed to evaluate the performance gain vs. overhead of such schemes. 
[bookmark: _Toc490247076][bookmark: _Toc490247170][bookmark: _Toc490249608][bookmark: _Toc492572286][bookmark: _Toc492573254][bookmark: _Toc494715374][bookmark: _Toc494716058][bookmark: _Toc494724512][bookmark: _Toc494729449]Further study the need for frequency selective SRI, considering performance gain vs. overhead of non-codebook based UL transmission.
Some UEs might not have calibrated (or only partly calibrated) radio chains which means that the relative phase of the transmit chains is not known by the UE. In this case precoding (i.e. coherent transmission) will be difficult to apply in a useful manner. Consequently, it was agreed in RAN1#90 to support a UE capability identifying if a UL MIMO capable UE can support coherent transmission across its transmit chains.  When the UE is not capable of transmitting coherently on any of its Tx chains, it is preferred that the UE distributes one SRS resource per antenna arrangement, corresponding to a unit matrix for the Digital precoder matrix seen in Figure 1. The TRP can then select which antenna arrangements that should be used for UL transmissions by reporting one or several SRIs, where one layer is applied per SRI.
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Figure 1: Non-codebook based UL transmission where each PA is allowed to be mapped to multiple SRS ports/resources
SRS Resource groups
Concepts for UL beam management (i.e. beam management based on UL reference signals) are currently being developed for NR to control the beam (or more correctly the effective antenna pattern) for a respective UE antenna subset. It is expected that UL beam management is performed by letting the UE transmit different SRS resources in different UE antenna subset beams, which the TRP performs RSRP measurements on and signals back the SRI(s) corresponding to the SRS resource(s) with highest RSRP value(s). If a multi-antenna subset UE is scheduled for SRS transmission of multiple beams from each of the multiple antenna subsets, the TRP and UE need to have a mutual agreement of which combinations of SRS resources can be transmitted simultaneously from the different antenna subsets. Otherwise the TRP could select SRS resources that could not be transmitted simultaneously, such as when the SRS resources correspond to different switched analog beams in the same antenna subset. The note to the agreement from RAN1#90 for signaling multiple SRIs (below) addresses this issue but does not conclude on how it should be done:
· Note: The gNB should only signal SRI(s) such that the UL precoding transmission inferred from the signaled SRI(s) can be simultaneously conducted by the UE. 
One way to solve this is to identify groups of SRS resources, where only one of the resources in an SRS resource group can be transmitted at a time.  The one resource from each of the SRS resource groups can be transmitted simultaneously with each of the other selected SRS resources from the other groups. Given the knowledge of the number of SRS resource groups, and which SRS resources are in the groups, the TRP can determine which SRS resources it can instruct the UE to transmit when multiple SRIs are signaled. One example will be given below:
Assume a UE with two antenna subsets (Antenna Subset A and Antenna Subset B), where each antenna subset has four analog beams (A1-A4 and B1-B4), as illustrated in Figure 2. The UE will start with signaling to the TRP, in UE capabilities, that it has two SRS resource groups, where each SRS resources group consists of four SRS resources. For example, a total of SRS resources could be configured, where SRS resources 1-4 could belong to a first SRS resource group (corresponding to antenna subset A) and SRS resources 5-8 could belong to a second SRS resource group (corresponding to antenna subset B). During a UE TX beam sweep procedure (i.e. U3), the TRP can trigger these 8 SRS resources (by an indication in an aperiodic SRS transmission request) and the TRP will know the SRS resources that can and cannot be transmitted simultaneously given the SRS grouping. The TRP can then perform measurements on the eight transmitted SRS resources, determine the best SRS resource for each SRS resource group and signal the corresponding SRIs back to the UE. Note that each SRS resource can consist of one or several SRS ports, hence the procedure can be applied for both non-codebook based (single SRS port per SRS resource) and codebook based UL transmissions (one or several SRS ports per SRS resource). However, note that, for non-codebook based UL transmission where each SRS resource is allowed to be precoded over multiple antenna ports, the SRS precoding in this case (i.e. when UL beam management is present) should not be applied over antenna ports belonging to different antenna subsets (because then the mutual agreement that certain SRS resource only belongs to a certain antenna subset is broken). 
We note that the notion of an SRS resource group here serves a similar purpose to DMRS port groups defined for the NR downlink and to the SRS port group proposed in [5].  Given that an SRI refers to an SRS resource, and since an SRS antenna port group would seem to imply some selection or subdivision within one SRS resource, ‘SRS resource group’ seems to be more appropriate to describe the intended behavior.
[bookmark: _Toc494715375][bookmark: _Toc494716059][bookmark: _Toc494724513][bookmark: _Toc494729450][bookmark: _Toc494715376][bookmark: _Toc494716060][bookmark: _Toc494724514][bookmark: _Toc494729451]SRS resource groups are defined, where a UE can be assumed to be able to transmit only one SRS resource in an SRS resource group at a time, and where a UE can simultaneously transmit one SRS resource from each of multiple SRS resource groups.
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[bookmark: _Ref494724976]Figure 2: Example of UE with two antenna subsets, each antenna subset with four analog beams
Utilizing SRS resource groups in SRI indication
To indicate multiple SRI(s) in the DCI, one option is to use a size-bitmap, where  is the number of SRS resources (corresponding to the maximum rank) and each bit indicates if the SRS resource shall be used to transmit a PUSCH layer or not. However, this is not a very efficient way of signaling which wastes DCI overhead.
Another option is to, for each rank, jointly indicate which SRS resources shall be used, and then jointly encode TRI and the multiple SRI(s). In this case, the SRI signaling from the TRP to the UE consists of indicating    possible SRI states where  is the number of combinations of  values taken  at a time, and  is the number of SRS resources,  the transmission rank, and   the maximum transmission rank the UE is capable of.  For example, with  and , then the total possible number of SRI states . This means that 6 bits are required to indicate the chosen SRI state to the UE, compared with  bits if the size-bitmap approach was used.
Further reductions in SRI overhead are possible by taking into account constraints on SRS and/or PUSCH MIMO layer transmission.   By way of example, assume there is a UE with two antenna subsets and four analog beams per antenna subset as illustrated in Figure 2. In such a case, many of the possible SRI states will not be allowed because only one SRS resource from each SRS resource group can be selected. Hence, in this case it is preferred to do a mapping between the possible SRI states and the SRI signalling bits in order to reduce the overhead. For instance, the DCI signalling could indicate one of  states, indicating which of the SRS resource groups are used to transmit  layers, and then the SRS resource to be used in each selected SRS Resource group could be indicated. For example, if there are 4 SRS resources per group, then 4 states are needed to select a resource from a group.  Then with  resource groups and at most  layers,  total states, so 5 bits could be used to signal SRI given that SRS grouping is taken into account when signalling SRI in this case.
[bookmark: _Toc494729448]Overhead for SRI signalling can be reduced by considering the SRS resource groups during SRI signalling
[bookmark: _Toc494715377][bookmark: _Toc494716061][bookmark: _Toc494724515][bookmark: _Toc494729452]Take into account SRS resource grouping when signalling multiple SRI indications in DCI
Conclusions
In this contribution, we have discussed non-codebook based UL transmission and further details on SRI indication. In particular, we address the open issue of how the UE should signal SRI(s) such that the UL precoding inferred from the SRI(s) can be simultaneously conducted by the UE, how SRI signaling should take this into account, as well as the need for frequency selective signaling of SRI. Our analysis led to the following observation and proposals:
Observation 1	Overhead for SRI signalling can be reduced by considering the SRS resource groups during SRI signalling
Proposal 1	Further study the need for frequency selective SRI, considering performance gain vs. overhead of non-codebook based UL transmission.
Proposal 2	SRS resource groups are defined, where a UE can be assumed to be able to transmit only one SRS resource in an SRS resource group at a time, and where a UE can simultaneously transmit one SRS resource from each of multiple SRS resource groups.
Proposal 3	Take into account SRS resource grouping when signalling multiple SRI indications in DCI

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref494576175]R1- 1716921, “Summary of offline discussion on UL MIMO Open Issues”, Ericsson, 3GPP TSG RAN WG1 NR#3, Nagoya, Japan, September 18-21, 2017
[bookmark: _Ref485288266]R1-1708669, “UL MIMO procedures for codebook based transmission”, Ericsson, 3GPP TSG RAN WG1 Meeting #89, Hangzhou, P.R. China, May 15-19, 2017
[bookmark: _Ref490077033]R1-1711008, “UL MIMO procedures for codebook based transmission”, Ericsson, 3GPP TSG RAN WG1 Meeting #89 adhoc 2, Qingdao, P.R. China, June 27-30, 2017
[bookmark: _Ref490248549]R1- 1714271, “UL MIMO for codebook based transmission”, Ericsson, 3GPP TSG RAN WG1 Meeting #90, Prague, Czech Republic, August 21-25, 2017
[bookmark: _Ref492572162]R1-1709735, “Way Forward on Uplink Multi-panel and Multi-TRP operation”, Intel et. al., 3GPP TSG RAN WG1 Meeting #89, Hangzhou, P.R. China, May 15-19, 2017



	4/4	
image1.png
/N TXIRX

Z\ TXIRX

ZN\ TXIRX

Antenna arrangement (e.g.
single antenna element or panel)

<

N\ TXIRX

Digital precoding matrix

!

SRS Resource1

1

SRS Resource2

1

SRS Resource3

l

SRS Resource4





image2.emf
 


