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1 Introduction
In last RAN1#82bis meeting, the following were agreed for SRS capacity enhancements to fulfil EB/FD-MIMO requirements [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 transmissionComb or transmissionComb-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 discuss the remaining details on increasing number of combs for SRS. 
2 Discussion
2.1 SRS sequence for RPF = 4
When the number of comb is increased to 4, there is a potential sequence collision as discussed in [2]. The collision is due to different combs used in neighbouring cells for the same SRS sequence length. One example is shown in Figure 1.

[bookmark: OLE_LINK27][bookmark: OLE_LINK28]It can be seen that the sequence collision is conditional on or  where q1 is the index of the root ZC sequence of a RPF = 4 SRS in cell 1 and q2 is the index of the root ZC sequence of a RPF = 2 SRS in cell 2. The value of q is determined by the base sequence number u and v according to TS 36.211. In other words, q1 ≠ q2 for different cell IDs in neighbouring cells, however,  may not be valid. In such case, there exists SRS sequence collision between RPF = 4 and 2 in different cells. 
The collision probability  is dependent on the ZC sequence length. Because for a larger prime number  there are total  root ZC sequences but only 30 or 60 are selected for SRS sequence generation denoted by the index q. Therefore, it is possible that  may not be in the set of the supported q values. Table 1 below shows the probability for  for different SRS sequence length. 
Table 1. The collision probability of 
	
	36
	48
	60
	72
	96
	108
	120
	144
	180
	192
	240
	288

	Collision Probability
	100%
	73%
	53%
	33%
	20%
	20%
	20%
	20%
	20%
	20%
	20%
	20%
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Figure1: SRS sequence collision (copied from [2])
We further investigate the SRS sequence collision probability between a number of adjacent cells with different cell ID or different u. The collision is defined when any one neighbouring cell meet. Table 2 shows the collision probability when the cell ID is randomly assigned to each cell, assuming same SRS sequence length for each cell. We can see the SRS sequence collision probability can be about 30% for small sequence length  = 36 and 48, and the collision probability is reduced to less than 10% for a larger sequence length for the assumption of 6 neighbouring cells. 
Table 2. SRS sequence collision probability
	              Seq. Len
# Adj. cells
	36
	48
	60
	72
	96
	108
	120
	144
	180
	192
	240
	288

	6
	38%
	28%
	21%
	14%
	8.3%
	8.3%
	8.3%
	8.3%
	8.3%
	8.3%
	8.3%
	8.3%

	12
	67%
	52%
	39%
	26%
	16%
	16%
	16%
	16%
	16%
	16%
	16%
	16%



Observation 1: High SRS sequence collision probability is observed for the shorter sequence length. 
Observation 2: Assigning a larger bandwidth, e.g., 32 RBs, for RPF = 4 SRS transmission could reduce the collision probability to lower than 10%. 
During the RAN1#82bis meeting, virtual cell ID for SRS was proposed to solve the potential sequence collision. For example, UE configured with RPF = 4 can be assigned with a virtual cell ID for SRS sequence generation. However, based on the above analysis, the use of virtual cell ID cannot completely avoid sequence collision because the index q is determined by both the sequence length and the cell ID. Additional virtual cell ID is only to reduce the collision probability but not to remove the collision. 
Observation 3: Virtual cell ID based approach cannot remove SRS sequence collision between different cells.
An approach was proposed in [2] to address the potential SRS sequence collision issue via deriving a new root ZC sequence index for RPF = 4 SRS sequence, e.g., . This is because if  then  and thereby SRS sequence collision between different cells is avoided. It is noted that this approach essentially introduces a new root ZC sequence for RPF = 4 SRS transmission.
Alternatively, it is possible to re-order the mapping of the root ZC sequence to the base sequence for RPF = 4 SRS as the following

With the sequence reordering, the RE colliding between RPF = 4 and 2 SRS of different cells happens to the same position m=2k as shown in Figure 2. Due to different values of the q index the cross correlation of two sequences could be small.
[image: ]
Figure 2: Example of alternative 2 with sequence reordering
[bookmark: _GoBack]It shall be noted that the sequence from the second alternative is a shifted version of the same root sequence based on the first alternative since. Therefore, the two alternatives are equivalent in terms of the functionality. But the second alternative has a merit for implementation. When both RPF = 2 and 4 are configured to the same UE with same sequence length, the alternative 2 does not need to generate two root ZC sequences. Exactly the same ZC sequence is used for both RPF = 2 and 4 SRS but with different mapping function. Therefore, we prefer to the alternative 2 considering implementation benefits.
Proposal 1: For RPF = 4 SRS, the mapping of the root ZC sequence to the base sequence is defined by

2.2 Configuration of RPF = 4
During the last meeting, it was agreed to have a RRC parameter to enable RPF = 4 SRS transmission. But it is not clear whether the configuration of RPF = 2 or 4 can be different on per SRS configuration. In other words, is it possible to configure different number of comb values to type 0 and type 1 SRS and/or different parameter sets of type 1 SRS? Generally it shall be possible since it provides sufficient eNB implementation flexibility due to the coexistence with the legacy UE not supporting RPF = 4. If it is supported meaning that UE can be assigned with both RPF = 2 and 4 for different parameter sets of type 1 SRS, there is a question whether the transmission power for RPF = 2 and 4 SRS could be different. Because for RPF = 4 SRS there is a potential to boost 3dB TX power to compensate the channel estimation loss. However, it is noted that not all UEs need to be boosted otherwise the benefits from extended comb on reducing inter-cell interference are minimized. It is desirable to boost TX power only for cell edge UE. Alternatively, whether to boost SRS TX power can be controlled by eNB. Therefore, RAN1 shall decide whether to enhance RPF = 4 SRS power control. 
Proposal 2: RAN1 shall clarify whether the configuration of RPF = 2 and 4 can be different for each SRS configuration and the necessity for specification enhancements on SRS power control.
Another issue is how to determine the transmission comb value for multi antenna ports SRS with RPF = 4. Currently, for 4-ports SRS with RPF = 2, antenna ports 1 or 3 can be assigned with a different transmission comb value compared to other antenna ports as determined by the used cyclic shift. Following the same rule, the question is which comb value can be assigned since now there are four values for RPF = 4. To minimize the impact on legacy RPF = 2 SRS it is preferable that the transmission comb values for multi-antenna SRS are assigned with either  or  where  is a high layer configured transmission comb.
Proposal 2: For 4-port SRS with RPF = 4, the transmission comb values per antenna port is either  or  where  is a high layer configured transmission comb.
3	Conclusion
In this contribution, we discuss the specification impact for RPF = 4 SRS. We have the following observations:
Observation 1: High SRS sequence collision probability is observed for the shorter sequence length. 
Observation 2: Assigning a larger bandwidth, e.g., 32 RBs, for RPF = 4 SRS transmission could reduce the collision probability to lower than 10%. 
Observation 3: Virtual cell ID based approach cannot remove SRS sequence collision between different cells.
We propose:
Proposal 1: For RPF = 4 SRS, the mapping of the root ZC sequence to the base sequence is defined by

Proposal 2: RAN1 shall clarify whether the configuration of RPF = 2 and 4 can be different for each SRS configuration and the necessity for specification enhancements on SRS power control.
Proposal 2: For 4-port SRS with RPF = 4, the transmission comb values per antenna port is either  or  where  is a high layer configured transmission comb.
4	Reference
[1] 3GPP RAN1 #82bis Chairman’s notes
[2] R1-156295, “Proposal for sequence index for RPF = 4”, Huawei, HiSilicon
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