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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In this contribution we analyse the combined effect of cyclic shift and linear phase, where the latter stems from relative receive time difference between two SRS sequences transmitted in the same SRS resource. 
[bookmark: _GoBack]Discussion
The potential issue with measurements on one or more SRSs under timing errors was brought up a few meetings ago and captured in the WF [1]. 
The concern is that linear phase, introduced by timing errors, causes a phase rotation of the SRS sequence, which if large enough may mimic a cyclic shift. · Cyclic shift
· Limitation on the distance between the cyclic shifts of two SRS resource on the same symbol and same comb is to be considered for the accuracy requirements
· Companies are encouraged to provide evaluation for performance impact on cyclic shift configuration
· FFS whether and how to capture the condition of cyclic shift in the accuracy requirement


The cyclic shift can be expressed as a phase rotation of  between adjacent SRS REs, where  is the cyclic shift in use, and  is the number of cyclic shifts (8 for comb 2, and 12 for comb 4). The linear phase can likewise be expressed as a phase rotation of  between adjacent SRS REs, where  is the offsets in samples between the OFDM symbol carrying the SRS and the symbol timing used for the measurement, L is the OFDM symbol length in samples, and mc is the comb in use (2 or 4). In presence of linear phase due to misalignment with respect to timing, the actual phase rotation between adjacent REs in the received SRS sequence becomes  .
The problem can be stated as for which range of  the relation  is fulfilled, as outside this range the cyclic shift will appear to be another than configured for the sequence. If two SRS sequences are configured with adjacent cyclic shift values, e.g.  and , then the relative time difference between the receive times need to be < 1/32 of an OFDM symbol for comb 2, and < 1/96 of an OFDM symbol for comb 4, for the SRS sequences still to be separable in the SRS-RSRP estimation. Some additional margin may be be desirable, though, to reduce leakage between the received SRS sequences. If restricting the set of allowed cyclic shifts by e.g. only allowing every 2nd or 4th cyclic shift (e.g. {0,2,4,6} or {0,4} for comb 2, and {0,2,4,6,8,10} or {0,4,8} for comb 4), a larger relative time difference can be tolerated; see Table 1.
[bookmark: _Ref16696171]Table 1: Maximum tolerable time difference between received SRS transmissions by which it is still possible to distinguish SRS sequences with adjacent cyclic shifts from each other.
	SCS
[kHz]
	Maximum tolerable time difference [µs]

	
	Comb 2
	Comb 4

	
	NCS
	NCS

	
	8 
	4Note
	2Note
	12
	6Note
	3Note

	15
	2.08
	4.16
	8.32
	0.69
	1.39
	2.78

	30
	1.04
	2.08
	4.16
	0.35
	0.69
	1.39

	60
	0.52
	1.04
	2.08
	0.17
	0.35
	0.69

	120
	0.26
	0.52
	1.04
	0.09
	0.17
	0.35

	Note:	Limited set where only every 2nd or 4th cyclic shift is 		used.



The maximum anticipated receive time difference between any two SRS sequences that are transmitted in the same resource needs to be further discussed from a deployment scenario, and after that we can agree on limitations on transmission comb and applicable cyclic shift values. 
Proposal 1:  A maximum receive time difference between any two SRS sequences transmitted in the same SRS resource shall be defined. The maximum receive time difference may be specified e.g. per SCS and/or FR.
The maximum receive time difference shall further be taken into account as a side condition to the measurement performance requirement, along with potential limitations on the cyclic shifts in use.
Proposal 2:  A maximum receive time difference between any two SRS sequences shall be a side condition to the performance requirement.
Summary and Conclusion
In this contribution we have analysed the combined effect of linear phase and cyclic shifts. The following proposals are made:
Proposal 1:  A maximum receive time difference between any two SRS sequences transmitted in the same SRS resource shall be defined. The maximum receive time difference may be specified e.g. per SCS and/or FR.
Proposal 2:  A maximum receive time difference between any two SRS sequences shall be a side condition to the performance requirement.
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