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1 Introduction
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK11][bookmark: OLE_LINK12]In this contribution, we provide our views on several aspects, including,
· RE offset pattern across symbols 
· Cyclic shift pattern under staggering pattern
· SRS usage

2 Remaining issues
2a RE offset pattern across symbols
There is a remaining issue on the staggering patterns. The relevant agreement is listed below.

	Agreement:
The supported relative RE offsets for combinations of the number of symbols (1,2,4,8,12) and comb sizes (2,4,8) for SRS are given in the table below. At least one pattern for each pair are to be selected from the following options:

	Number of symbols /
Comb size 
	1
	2
	4
	8
	12

	2
	
{0}
	{0, 1}
	FFS: {0, 1, 0, 1} and/or {0, 0, 1, 1}
	 N/A
	N/A

	4
	N/A
	{0, 2}
	FFS: {0,2,1,3} and/or {0,1,2,3}
and or {0,2,3,1}
	FFS: {0,2,1,3, 0,2,1,3}
and/or {0,1,2,3, 0,1,2,3}
and/or {0,0,1,1,2,2,3,3}
	FFS: {0,2,1,3, 0,2,1,3, 0,2,1,3}
and/or {0,1,2,3, 0,1,2,3,0,1,2,3}
and/or {0,0,0,1,1,1,2,2,2,3,3,3}

	8
	N/A
	N/A
	N/A
	FFS: {0,4,2,6,1,5,3,7} 
and/or {0,4,1,5,2,6,3,7}
and/or {0,1,2,3,4,5,6,7} 
and/or {0,4,6,2,5,7,3,1}

	N/A







Similar to the downlink PRS, the uniform pattern for SRS for positioning is preferred. For the candidates in comb-4 and 4 symbols, the RE offset pattern {0, 2, 1, 3} and {0, 2, 3, 1} actually utilize the same parameters, just by different sign. For pattern {0, 2, 1, 3}, it can be mathematically expressed as
· 
Note that when Sf = 4, vshift = 0 and l = 0,1,2,3, the pattern {0,2,1,3} is derived. The pattern {0,2,3,1} can be further derived through the change of sign on the second term
· 
Therefore the pattern {0, 2, 1, 3} and {0, 2, 3, 1} actually belong to the same family.

For comb-8, besides the vshift term, the RE offset pattern {0, 4, 2, 6, 1, 5, 3, 7} can be expressed mathematically by the combination of the three terms. We have, 
· 
Interestingly, the change of sign on any term may not derive the pattern {0, 4, 6, 2, 5, 7, 3, 1}. Whether the pattern {0, 4, 6, 2, 5, 7, 3, 1} can be derived mathematically needs further justification.  


 
Observation 2a-1: For comb-4 and 4 symbols, the RE offset pattern {0, 2, 1, 3} and {0, 2, 3, 1} actually belong to the same family

Observation 2a-2: For comb-8, besides the vshift term, the RE offset pattern {0, 4, 2, 6, 1, 5, 3, 7} can be expressed mathematically by the combination of the three terms. We have, 
· 
Interestingly, the change of sign on any term may not derive the pattern {0, 4, 6, 2, 5, 7, 3, 1}

Proposal 2a-1: The uniform pattern is supported with the following configurations

	Number of symbols /
Comb size 
	1
	2
	4
	8
	12

	2
	{0}
	{0, 1}
	{0, 1, 0, 1}
	 N/A
	N/A

	4
	N/A
	{0, 2}
	{0,2,1,3}
	{0,2,1,3,0,2,1,3}

	{0,2,1,3, 0,2,1,3, 0,2,1,3}

	8
	N/A
	N/A
	N/A
	{0,4,2,6,1,5,3,7}

	N/A





2b Cyclic shift pattern under staggering pattern
The concept to support cyclic shift pattern under staggering pattern has been presented in previous contribution. 

The suitable way for cyclic shift assignment is after the staggering. The cyclic shift can be applied to the REs across symbols with SRS transmission by following the order of occupied subcarriers. Fig. 2b-1 and 2b-2 show the examples for comb-4 with 2 symbols, and comb-4 with 4 symbols respectively, by assuming maximum cyclic shift number equal to 12.

One issue is, whether the gNB receiver can perform the phase rotation automatically for aligning the symbols for channel impulse response estimation. Thus, the UE doesn’t need to shift the phase across symbols by following the order of occupied subcarriers. The cyclic shift pattern for the UE is simply to follow that for non-staggering pattern, as shown in Fig. 2b-3.

The gNB side phase rotation for alignment for channel impulse response estimation is feasible only when single UE applies the cyclic shift. The intention of applying the cyclic shift is for the multiplexing purpose. When multiple UEs occupying same REs apply the cyclic shift for multiplexing, the phase increment for each UE on the REs is also different. So when the gNB receives the signal which is the summation of multiple UEs, the channel impulse response for each UE can not be re-constructed because a single phase rotation value applied to a RE can not restore all the signals which have been summed together. Therefore, the cyclic shift should be applied at the transmission side.

Observation 2b-1: The gNB side phase rotation for aligning the symbols for channel impulse response estimation is feasible only when single UE applies the cyclic shift

Observation 2b-2: When multiple UEs occupying same REs apply the cyclic shift for multiplexing, the phase increment for each UE on the REs is also different. So when the gNB receives the signal which is the summation of multiple UEs, the channel impulse response for each UE can not be re-constructed because a single phase rotation value applied to a RE can not restore all the signals which have been summed together

Proposal 2b-1: The cyclic shift assignment across symbols should be applied at the transmission side. The receiver side phase rotation for aligning the symbols for channel impulse response estimation may not be feasible when multiple UEs are multiplexed

Proposal 2b-2: After staggering, the cyclic shift can be applied to the REs across symbols with SRS transmission by following the order of occupied subcarriers


[image: ]
Fig. 2b-1: cyclic shift assignment for comb-4 with 2 symbols



[image: ]
Fig. 2b-2: cyclic shift assignment for comb-4 with 4 symbols


[image: ]
   Fig. 2b-3, Whether the gNB receiver can perform the phase rotation automatically for alignment, and the cyclic shift pattern for the UE is to follow that for non-staggering pattern, as shown in this figure?


2c SRS usage
The Rel-16 is defining the SRS enhancement for positioning purpose. It is natural to consider to define SRS usage as “positioning” for the resource/resource set.

We prefer a more general name for the SRS usage. The reason is, the SRS enhancement may not be simply used for positioning. For example, the defined staggering pattern may also be utilized under NTN scenario, in order to assist the gNB for residual frequency offset estimation.

Also, the existing SRS usage define in Rel-15 can be used for positioning purpose as well. For example, the SRS enhancement doesn’t consider comb-4 with 1 symbol, because comb-4 with 1 symbol has been supported in Rel-15. In the indoor scenario, the comb-4 with 1 symbol could be configured for positioning purpose due to the short distance between UEs and TPs. Then it is actually to configure SRS for performing the positioning while the corresponding SRS usage is for another purpose.

Observation 2c-1: We prefer a more general name for the SRS usage. The reason is, the SRS enhancement may not be simply used for positioning. For example, the defined staggering pattern may also be utilized under NTN scenario, in order to assist the gNB for residual frequency offset estimation

Proposal 2c-1: A more general name for SRS usage for Rel-16 SRS enhancement is preferred. For example, SRS usage for performance improvement

3 Conclusion
Based on the above, we have,
[bookmark: _GoBack]
Observation 2a-1: For comb-4 and 4 symbols, the RE offset pattern {0, 2, 1, 3} and {0, 2, 3, 1} actually belong to the same family

Observation 2a-2: For comb-8, besides the vshift term, the RE offset pattern {0, 4, 2, 6, 1, 5, 3, 7} can be expressed mathematically by the combination of the three terms. We have, 
· 
Interestingly, the change of sign on any term may not derive the pattern {0, 4, 6, 2, 5, 7, 3, 1}

Observation 2b-1: The gNB side phase rotation for aligning the symbols for channel impulse response estimation is feasible only when single UE applies the cyclic shift

Observation 2b-2: When multiple UEs occupying same REs apply the cyclic shift for multiplexing, the phase increment for each UE on the REs is also different. So when the gNB receives the signal which is the summation of multiple UEs, the channel impulse response for each UE can not be re-constructed because a single phase rotation value applied to a RE can not restore all the signals which have been summed together

Observation 2c-1: We prefer a more general name for the SRS usage. The reason is, the SRS enhancement may not be simply used for positioning. For example, the defined staggering pattern may also be utilized under NTN scenario, in order to assist the gNB for residual frequency offset estimation


Proposal 2a-1: The uniform pattern is supported with the following configurations

	Number of symbols /
Comb size 
	1
	2
	4
	8
	12

	2
	{0}
	{0, 1}
	{0, 1, 0, 1}
	 N/A
	N/A

	4
	N/A
	{0, 2}
	{0,2,1,3}
	{0,2,1,3, 0,2,1,3}

	{0,2,1,3, 0,2,1,3, 0,2,1,3}

	8
	N/A
	N/A
	N/A
	{0,4,2,6,1,5,3,7}

	N/A




Proposal 2b-1: The cyclic shift assignment across symbols should be applied at the transmission side. The receiver side phase rotation for aligning the symbols for channel impulse response estimation may not be feasible when multiple UEs are multiplexed

Proposal 2b-2: After staggering, the cyclic shift can be applied to the REs across symbols with SRS transmission by following the order of occupied subcarriers

Proposal 2c-1: A more general name for SRS usage for Rel-16 SRS enhancement is preferred. For example, SRS usage for performance improvement
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