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1 [bookmark: _xl2dgc5pmumw]Introduction
In RAN#94e, a work item for NR MIMO evolution for downlink and uplink [1] was agreed with the following objectives

1. Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices
· Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study.


MIMO is one of the key technologies in NR systems and is successful in commercial deployment. In Rel-15/16/17, MIMO features were investigated and specified for both FDD and TDD systems, of which major parts were for downlink MIMO operation. In Rel-18, it is important to identify and specify necessary enhancements for uplink MIMO, while necessary enhancements on downlink MIMO that facilitate the use of large antenna array, not only for FR1 but also for FR2, would still need to be introduced to fulfil the request for evolution of NR deployments. As advanced UEs (e.g. CPE, FWA, vehicle, industrial devices) become more relevant, introducing necessary enhancements to support for 8 antenna ports as well as 4 and more layers for UL transmission can offer the needed improvement for UL coverage and average throughput. In this contribution, we explain how to fulfill this objective. 

2 Discussion

According to Rel 17 SRS framework, a UE is configured to generate an SRS sequence based on a preconfigured base sequence. Low PAPR ZC-sequences are currently being used as the base sequences to generate an SRS signal. A UE is configured with a group ID, a cyclic shift and a comb structure to provide orthogonality between the SRS signals transmitted from different ports of the same UE or different UEs. The base sequences are divided into 30 groups and each group contains one or two base sequences based on the length of the SRS sequence. The group ID and sequence ID for generating the SRS signal is configured by the BS. In addition to this, different cyclically shifted versions of the same base sequence can be transmitted as an SRS signal. The number of available cyclically shifted versions of the same base sequence depends on the configured comb structure. For comb structures 2 and 4, 8 and 12 cyclic shifts are available respectively.

According to our view, there is no requirement to increase either the number of base sequences or the available comb structures in order to extend the SRS support for 8 ports. The existing Rel17 SRS framework is capable of supporting up to 8 ports with some modifications. So, we recommend to use the current SRS framework as the baseline for extending up to 8 ports.

Proposal 1: Consider Rel17 SRS framework as a baseline for extending to 8 ports with the existing comb size and base sequences

While extending the current SRS framework for up to 8 ports, some modifications are required mainly for sequence generation and resource mapping for the additional / extended ports. As per the current specification, ZC sequences with different cyclic shifts are used as SRS signals for up to 4 antenna ports. The sequences that are used for the additional / extendedSRS ports should follow the same principle as the legacy ports in order to maintain uniformity across antenna ports and limit UE impact. In the case of resource mapping, currently resource mapping is mainly defined by the comb structure of the SRS resource. The same comb structure should be followed by both the additional and legacy ports. Hence, sequence generation and resource mapping for the additional / extended SRS ports should be defined such that they follow same principles as the legacy SRS ports upto 4 Tx antenna.

Proposal 2: Define sequence generation and resource mapping for the additional ports simliar to the legacy ports while retaining the existing procedures for legacy  ports up to 4Tx antennas.

As per the current specification, SRS signals that are transmitted from different ports of the same UE maintain orthogonality by employing different cyclic shifts for different SRS ports i.e., CDM. There is a special case defined in the specification where the orthogonality between different SRS ports is achieved by transmitting using different comb offsets for different SRS ports i.e., FDM. For extending the SRS support for up to 8 ports, these existing CDM and FDM techniques should be considered. Since extending the ports beyond 4 Tx antennas can impact the UE power utilization per port, in addition to the existing CDM and FDM, the necessity of using TDM technique should be studied.
 
Proposal 3: Consider using TDM/FDM/CDM based multiplexing of the legacy SRS ports and the additional ports
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