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1 Introduction  
At RAN1#82bis meeting, the SRS capacity enhancements have been discussed and the following agreements have been concluded [1]. 
Agreement:

· Confirm the working assumption to increase number of combs to 4 with maximum number of CS=12 

· A new RRC signalling is introduced to enable RPF4
· The UE-specific parameter transmission Comb or transmission Comb-ap is extended to two bits to indicate 4 indexes of comb. 

· One additional signalling bit is added to indicate 12 cyclic shifts together with the existing 3 bits

· FFS how to specify the sequence index for RPF=4 

In this contribution, we give our analysis and proposal on the SRS sequence index for RPF=4 and provide our views on virtual cell ID for SRS. 
2 Discussion on sequence collision issue for SRS RPF=4 
In legacy systems, the root sequence index of SRS of RPF=2 is determined by 
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with 
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 is given by


[image: image3.wmf]ë

û

ë

û

31

)

1

(

)

1

(

2

1

RS

ZC

2

+

×

=

-

×

+

+

=

u

N

q

v

q

q

q

,
wherein, u is derived by physical cell ID. This design can guarantee low correlation between SRS sequences in different cells in the case of RPF=2. However, extending the RPF from 2 to 4 will reduce the SRS sequence length in half comparing with RPF=2 in the same bandwidth. The determination of the root sequence for the new defined SRS of RPF=4 should be carefully investigated. In particular, the correlation between legacy SRS sequence of RPF=2 and SRS sequence of RPF=4 in different cells should be considered when designing the root sequence index for SRS of RPF=4. The legacy sequence design can only guarantee the low correlation between SRS with the same RPF. If reusing the legacy root sequence, it will lead to the sequence collision between SRS of RPF=4 and SRS of RPF=2 in different cells as illustrated in Figure 1.
As shown in Figure 1, the SRS of UE1 in cell 1 is configured with RPF =4 and the bandwidth is twice as that of the SRS of UE2 with RPF=2 in cell 2. The two SRS sequences have the same length of 

. The SRS sequence of UE1 can be expressed as follows
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where
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  indicates the root sequence index for UE1.
Similarly, the SRS sequence of UE2 with root sequence index of 
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 can be expressed as follows
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If we exact the even elements of the SRS sequence, it is still a ZC sequence however with a different sequence index of 
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where 
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 denotes an cyclic shift. As we know, different cells may have different SRS sequence index of 
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. Therefore, it may happen that 
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 is equal to 
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. In this case, the SRS sequence of UE1 is exactly the same with the even elements of SRS sequence of UE2 within the bandwidth of UE2. 
Meanwhile, for the overlapping bandwidth of UE1 and UE3, when the cyclic shift of SRS of UE3 satisfies some conditions, it will also equivalent to the cyclic shift of a SRS sequence and happen to be the same as the second part of the SRS sequence of UE1 in this bandwidth. The detection performance of the SRS for these two UEs will seriously degrade as the sequence collision happens.
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Figure1.SRS of comb 4 and comb 2 in different cell
Figure2 shows the collision probability of 
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in the aforementioned section. U in the first row is the sequence group index and q in the second row is the sequence index corresponding to the sequence group. There are in total 30 sequence indices generated with different sequence group index. Among the 30 root sequence index q, there are a considerable number of sequence index pairs that satisfy 
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which is marked with the bracket. For instance, the sequence index pair with q=2 and q=8, q=3 and q=12 have the relationship of
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Figure2. Sequence collision probability in case of NZC length of 47

Observation 1: The introduction of PRF =4 for SRS will lead to the significant sequence collision problem between SRS of RPF =2 and RPF =4 in different cells.
To resolve the sequence collision problem with the SRS of RPF=2 in neighbouring cell, SRS sequence with RPF=4 should avoid to adopt the same sequence index with SRS of RPF=2 in each cell. By adopting a root sequence index as four times of the index with SRS of RPF =2 can easily avoid the collision. As illustrated in Figure 3, the root sequence index of UE1 has been changed to 
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. Therefore, it will never collide with the partial SRS sequence constructed with even elements of SRS sequence configured with RPF =2 of UE2. This is because 
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unless q1=q2. which is the equivalent root sequence index of  the partial SRS sequence of UE2.
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Figure3. Sequence collision avoidance by using 4q1 for SRS of RPF 4 in cell 1
Proposal 1: SRS sequence index with RPF=4 is determined with 4*q, wherein, q is the sequence index of SRS sequence with RPF=2.  
3 Discussion on virtual cell ID for SRS
SRS sequences are generated with physical cell ID. Orthogonality is crucial for sounding performance. Relatively large delay spread may break the orthogonality between cyclic shifts. Therefore, for legacy SRS sequences generated by serving cell ID, only part of cyclic shifts can be used to guarantee orthogonality between sequences. 
There is no intra-cell interference between SRS when orthogonal SRS resource is configured for the UEs of the cell. However SRS will suffer from inter-cell interference of neighboring cell SRS transmission, which is generated with different cell ID. The inter-cell interference of SRS is mainly from cell edge UE’s SRS of neighbor cell. 
If virtual cell ID is used to generate another group of SRS sequences in order to increase SRS capacity, the intra-cell SRS resource will be no longer orthogonal between each other. Intra-cell interference to SRS will exist, which is higher than inter cell interference of neighbor cell SRS because of higher intra- cell SRS power received by eNB. The interference will decrease the accuracy of sounding and degrade the performance of system.

One possible argument is that the virtual cell ID has been also used for DMRS in CoMP scenario to support MU-MIMO. However, the introduction of virtual cell ID for DMRS is not for capacity enhancement and it is only for UL MU pairing from different TPs. There is no intra-cell interference introduced for DMRS.

Observation 2: The introduction of virtual cell ID on SRS will break the orthogonality between SRS sequences and the intra-cell interference for SRS will increase.
Proposal 2: Virtual cell ID should not be introduced for SRS.
4 Conclusions
In this contribution, we give our analysis on the SRS sequence index for RPF=4 and virtual cell ID for SRS. And we have the following observation and proposals:
Observation 1: The introduction of PRF =4 for SRS will lead to the significant sequence collision problem between SRS of RPF =2 and RPF =4 in different cells.
Observation 2: The introduction of virtual cell ID on SRS will break the orthogonality between SRS sequences and the intra-cell interference for SRS will increase.

Proposal 1: SRS sequence index with RPF=4 is determined with 4*q, wherein, q is the sequence index of SRS sequence with RPF=2.  
Proposal 2: Virtual cell ID should not be introduced for SRS.
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