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1 Introduction
Rel-18 MIMO evolution for downlink and uplink will specify SRS enhancement. And in RAN1#111 meeting, agreements were achieved as:
Agreement
For SRS comb offset hopping and/or cyclic shift hopping, for each SRS port,
· FFS: Hopping pattern
· Support at least hopping based on slot index, OFDM symbol index
· FFS: Use of symbol group based on repetition factor 
· FFS: Additional details on intra-slot hopping based on OFDM symbol index, inter-slot hopping based on slot index, per occasion of SRS resource
· FFS: Re-initialization periodicity 
· Applicable to at least periodic/semi-persistent SRS with usage antennaSwitching
FFS: Other types of SRS
· FFS: Configuring a subset of comb offsets / cyclic shifts for comb offset hopping / cyclic shift hopping, respectively
· FFS: Combined comb offset hopping and cyclic shift hopping, supporting both, or down selecting one
Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’, when the 8 ports are mapped onto one or more OFDM symbols using legacy schemes (repetition, frequency hopping, partial sounding, or a combination thereof), at least support:
· For comb 2, support 1 and 2 comb offsets
· For comb 4, support 2 and [4] comb offset
· For comb 8, support 4 comb offsets
Agreement
For single SRS resource in a SRS resource set with usage ‘codebook’ for 8Tx PUSCH or ‘antennaSwitching’ (i.e., for 8T8R antenna switching), when the SRS resource is configured with 8 ports and m OFDM symbols (m > 1), support the case of 8 ports mapped onto the m OFDM symbols 
· Option 1: Different SRS ports are mapped onto different OFDM symbols (i.e., TDM)
· FFS: m can be legacy values, i.e., 2,4,[8,10,12,14].
Agreement
For SRS comb offset hopping and/or cyclic shift hopping, for each SRS port, the hopping pattern is determined based on the pseudo-random sequence c(i), initialized with a network-configured ID.
· FFS: The ID could be cell ID , SRS sequence identity , C-RNTI, or a new ID
· FFS: The relation between the legacy group / sequence hopping and the new hopping 
Agreement
For SRS interference randomization, support one from the following options (to be decided in RAN1#112):
· Opt. 1: Cyclic shift hopping
· Opt. 2: Comb offset hopping
· Opt. 3: Both cyclic shift hopping and comb offset hopping
· FFS: details including whether to support separate and/or combined hopping
· FFS: details on UE capability and signaling 
In this contribution, we provided our views on SRS enhancements.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
After hot discussion, two schemes were selected from the large number of alternatives for interference randomization, i.e. cyclic shift hopping and comb offset hopping. 
In current spec, interference randomization can be achieved based on SRS group/sequence hopping, where the root sequence of SRS varies in different symbols. While this randomization is not sufficient, due to the limited number of sequences, where cyclic shift hopping and/or comb offset hopping can further improve. So we think the typical case for cyclic shift hopping and/or comb offset hopping should be on top of SRS group or sequence hopping.
And current pseudo-random sequence for SRS group/sequence hopping is re-initialized at the starting of each radio frame, for example, when group hopping is enabled,  [image: ], which will lead to same value of c(i) with same value of slot index and symbol index in different frames. In other words, the hopping pattern is same from frame to frame, which will limit the randomization. So we think the pattern of new introduced cyclic shift hopping and/or comb offset hopping should vary in different radio frames, which can significantly improve the interference randomization. For example, the system frame number () which is well supported in current spec can be introduced as a parameter for initialization of the pseudo-random sequence for cyclic shift and/or comb offset hopping.
Proposal 1: Pattern of cyclic shift hopping and/or comb offset hopping should vary in different radio frames to further improve interference randomization. For example, system frame number can be a parameter to determine hopping pattern, e.g. for pseudo-random sequence initialization.
In addition, in current framework, SRS for different UEs can be orthogonal based on different comb offset values or based on different cyclic shift values with a same root sequence, which should be retained when cyclic shift hopping/comb offset hopping introduced, especially when SRS group/sequence hopping is configured. For example, if SRS group hopping is enabled, UEs can be allocated with same value of SRS sequence identity  and different comb offset values or different cyclic shift values to keep orthogonal to each other. Based on this, the initialization of pseudo-random sequence for cyclic shift hopping and/or comb offset hopping should be same for the UEs which are orthogonal based on comb offset values or cyclic shift values. It’s noted that, system frame number is cell-specific, which will not break orthogonality between the UEs. For example, pseudo-random sequence for cyclic shift hopping and/or comb offset hopping can be based on SRS sequence identity  and some other cell specific parameters (e.g. system frame number ).
Proposal 2: Initialization of pseudo-random sequence for cyclic shift hopping and/or comb offset hopping should be same for the UEs which are orthogonal based on comb offset values or cyclic shift values, especially when SRS group or sequence hopping is enabled.
Furthermore, it was discussed whether to support one or both of cyclic shift hopping and comb offset hopping, in our understanding, the two schemes can achieve similar target, so our first preference is to support only cyclic shift hopping, and if both cyclic shift hopping and comb offset hopping are supported, we support a joint hopping pattern, in other words, comb offset hopping can be further supported on top of cyclic shift hopping for further interference randomization. 
Proposal 3: First preference to support cyclic shift hopping only. And second preference is to support a joint hopping pattern, where comb offset hopping is on top of cyclic shift hopping. 
3 Conclusion
In this contribution, we provided our views on SRS enhancement, and we propose:
Proposal 1: Pattern of cyclic shift hopping and/or comb offset hopping should vary in different radio frames to further improve interference randomization. For example, system frame number can be a parameter to determine hopping pattern, e.g. for pseudo-random sequence initialization.
Proposal 2: Initialization of pseudo-random sequence for cyclic shift hopping and/or comb offset hopping should be same for the UEs which are orthogonal based on comb offset values or cyclic shift values, especially when SRS group or sequence hopping is enabled.
Proposal 3: First preference to support cyclic shift hopping only. And second preference is to support a joint hopping pattern, where comb offset hopping is on top of cyclic shift hopping. 
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