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1. Introduction
In RAN1#95 meeting, we have following agreements for virtual cell ID for Rel-16 SRS:
Agreement
Down-select among the following alternatives in the next RAN1 meeting
· Alt1: When a virtual cell ID is configured, it applies to both legacy and additional SRS symbol(s)
· Alt2: When a virtual cell ID is configured, eNB has the flexibility to apply the virtual cell ID to
· Only legacy SRS
· Or only additional SRS symbol(s)
· Or both legacy and additional SRS symbol(s)
If virtual cell ID is not configured, physical cell ID is used.


In this contribution, we discuss the virtual cell ID configuration as well as the SRS sequence for more than one SRS symbol in a normal uplink subframe. 

2. SRS virtual ID configuration
The newly introduced SRS resources and parameters for Rel-16 UEs have to consider how to keep backward compatibility with legacy SRS, i.e., reduce impact on legacy UEs. One simple way is to configure two SRS resource sets. For example, one SRS resource set is the legacy SRS and another SRS resource set is configured with more flexible location/number (e.g. with more SRS symbol in a subframe). 
For the SRS resource set using legacy SRS (i.e. last symbol in normal subframe and SRS symbols in UpPTS), the sequence ID could be configured as cell ID when there are other legacy UEs to be compatible with. Otherwise a virtual cell ID can be applied.
For the SRS resource set using additional SRS symbols in normal subframe, cell ID and virtual cell ID provide two dimensions to increase the number of SRS sequences. The sequence ID could be configured in a UE-specific way. If both additional and legacy SRS symbols are configured together using same ID, it may be useful to have those SRS symbols together to support fast intra-cell SRS antenna switching, frequency hopping, and/or repetition for coverage enhancement, and easy to multiplex with other UEs, as illustrated in Figure 1.
Therefore, we prefer Alt2 with flexible configuration for both legacy and additional SRS symbol(s). 
Proposal 1: When a virtual cell ID is configured, eNB has the flexibility to apply the virtual cell ID to
· Only legacy SRS
· Or only additional SRS symbol(s)
· Or both legacy and additional SRS symbol(s)
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(a) SRS frequency hopping
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(b) SRS antenna switching
Figure 1 Legacy and additional SRS symbols
3. SRS sequence for multiple SRS symbols
Until Rel-15 LTE, a cell ID is used as an SRS sequence ID   to set group/sequence hopping , v) for ZC sequence root, varying subframe-by-subframe. The ZC sequence root of SRS sequence is defined as
 ,
where the sequence group number  and the base sequence number  within the base sequence group are a function of slot  and cell ID. 
When considering more than one SRS symbol in a UL normal subframe [1], repetitions of same SRS sequence are not good for interference randomization. The time-varying sequence for multiple SRS symbols could be enabled when virtual cell ID or cell ID is configured, for example, by changing the (u, v) for SRS ZC roots.

The sequence group number  in slot  can be defined as 
,
with the group hopping pattern   given by
,
where  is the index of the starting SRS symbol,  is the number of symbols per slot and  is the pseudo-random sequence defined by clause 7.2 of TS36.211. The pseudo-random sequence generator shall be initialized with  at the beginning of each radio frame. When configured with cell ID, it can fall back to the legacy SRS sequence. For SRS collision, by using the proposed scheme, a cell ID or virtual cell ID with unequal  can have different  to reduce the inter-cell interference. 
Similarly, the base sequence number  within the base sequence group in slot  is defined as 
 
At the beginning of each radio frame,  is initialized with , where  could be 0 or  configured by higher layers. In this way, it is compatible with legacy SRS sequence if cell ID is configured.

Proposal 2: When  is configured as cell ID or virtual cell ID, the time-varying SRS sequence for multiple SRS symbols in a UL normal subframe is defined by changing (u, v) for SRS ZC roots as
· , 
where the group hopping pattern  is given by
,
with  as the index of the starting SRS symbol, and  is initialized with  at the beginning of each radio frame.
·   
where   is initialized with  at the beginning of each radio frame, and  could be 0 or  configured by higher layers.
4. Summary
For SRS sequence, we propose
Proposal 1: When a virtual cell ID is configured, eNB has the flexibility to apply the virtual cell ID to
· Only legacy SRS
· Or only additional SRS symbol(s)
· Or both legacy and additional SRS symbol(s)

Proposal 2: When  is configured as cell ID or virtual cell ID, the time-varying SRS sequence for multiple SRS symbols in a UL normal subframe is defined by changing (u, v) for SRS ZC roots as
· , 
where the group hopping pattern  is given by
,
with  as the index of the starting SRS symbol, and  is initialized with  at the beginning of each radio frame.
·   
where   is initialized with  at the beginning of each radio frame, and  could be 0 or  configured by higher layers.
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