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1 Introduction
The agreement achieved in previous meeting is listed in below,
	[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK11][bookmark: OLE_LINK12]Agreement:
· The RE pattern of an SRS resource for positioning is configured with a comb offset for the first symbol in an SRS resource. 
· The relative RE offsets of following symbols are defined relative to the comb offset of the first symbol in the SRS resource. 
· A relative RE offset of each of the following symbols is derived from the configured number of symbols for an SRS resource, the comb size for the SRS resource and the SRS symbol index within the SRS resource.
· FFS: The use of the following for deriving the relative offset in addition to the above
· A configurable number of consecutive symbols with the same offset
· Repetition factor
· No additional parameters will be considered

Conclusion:
No additional comb sizes for SRS for positioning purposes will be introduced in Rel-16 beyond those already agreed.

Conclusion:
No additional number of symbols per SRS resource other than the values already agreed is supported




In this contribution, we provide our view on the remaining issues.

2 Uplink RS structure
2a Staggering pattern across symbols
The staggering pattern across symbols basically consists of a common comb offset and relative RE offsets between symbols. Note that for Rel-16 positioning, the agreed symbol number for SRS transmission is 1, 2, 4, 8, 12 for comb number 2, 4 and 8.

From positioning point of view, the increase of the observation range for reducing the search ambiguity should be prioritized. The additional symbols when the observation range is met, can arrange the corresponding RS position to assist the receiver improving the processing gain. 

The comb-N RS requires N symbols to achieve full-symbol observation. To consider that the receiver doesn’t need to wait for receiving at least N symbol before searching the time delay, we prefer the structure that the false peak number can be reduced more significantly within the first few symbols.  

Fig. 2a-1 shows the structure to achieve the purpose. The advantage of the pattern is, the occupied subcarriers in the first two symbols are equally spaced with the spacing reduced to Sf/2, where Sf denotes the comb number. This may facilitate the timing search by the receiver (gNB) due to the reduction of half of the false peaks by observing the first two symbols while other symbols are still not received. Mathematically the staggering pattern can be written as,
· 
Where Sf is the comb number, vshift is the common comb offset and l is the symbol index. This equation is applicable for comb-2, comb-4 and comb-8.

For Sf = 8 (comb-8), another expression of the staggering pattern can be
· 

The advantage of this structure is, for the first two symbols, the occupied subcarriers reduce the RS subcarrier spacing to become 4. This is equivalent comb-4 structure. For the first four symbols, the occupied subcarriers reduce the RS subcarrier spacing to become 2. This is equivalent comb-2 structure.
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Fig. 2a-1

	
	l = 0
	l = 1
	l = 2
	l = 3
	l = 4
	l = 5
	l = 6
	l = 7
	l = 8
	l = 9
	l = 10
	l = 11

	Comb=2
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1

	Comb=4
	0
	2
	1
	3
	0
	2
	1
	3
	0
	2
	1
	3

	Comb=8 (1st)
	0
	4
	1
	5
	2
	6
	3
	7
	0
	4
	1
	5

	Comb=8 (2nd)  
	0
	4
	2
	6
	1
	5
	3
	7
	0
	4
	2
	6


TABLE 2a-1: relative RE offset from proposed equation (vshift = 0)

Proposal 2a-1: For comb-2, comb-4, and comb-8 SRS, the proposed staggering pattern can be mathematically expressed as
· 
Where Sf is the comb number, vshift is the common comb offset and l is the symbol index

Proposal 2a-2: For comb-8, the staggering pattern can also consider the following,
· 


2b Cyclic shift number
Cyclic shift operation is contradicting to the development of staggering pattern. Cyclic shift operation tends to increase the multiplexing capacity at the price of reducing the observation range.  

If the sub-symbol observation range is sufficient, for example under the small area deployment, the cyclic shift, or the combination of cyclic shift and staggering can be considered.

The potential advantage of combining both the cyclic shift and staggering is to increase the total symbol number for transmission for each UE, and also to increase the UE number for transmission within a time period.

Let’s give an example, if 4 symbols are allowed for SRS transmission in an uplink slot. If each UE transmits in one of the 4 symbols by comb-4 SRS, then it allows 16 UEs for transmission during the 4 symbols. From receiver point of view, the observation range is 1/4 of the symbol time for each UE’s transmission, and the receiver may only process the received signal by a single symbol’s power.

Each UE may also transmit in all the 4 symbols by the full-staggering comb-4 pattern to achieve full symbol time observation range. This allows 4 UEs to occupy different subcarriers (interleaved FDM) for simultaneous transmission. The cyclic shift can be applied for multiplexing more UEs for transmission. Thus, the observation range is reduced from full symbol to 1/4 of the symbol time. This means 4 UEs occupying same subcarriers can be multiplexed together. As such totally there are 16 UEs for transmission in the 4 symbols, and each UE can transmit by 4 symbols.

For SRS with comb-8 structure, there are 6 RS in 4 RBs. Theoretically the max number of cyclic shift can be 2, 3 or 6 if we only look at single symbol without staggering. Note that single symbol for comb-8 SRS transmission already reduces the observation to become 1/8 of the symbol time. The cyclic shift will further reduce the observation range. For example, if cyclic shift number is 6, the observation range becomes 1/48 of the symbol time period, which is not desirable from positioning point of view.

The suitable way is, after the staggering intended for increasing observation range and for increasing total symbol number for transmission, the cyclic shift can be applied to the REs across symbols with SRS transmission by following the order of occupied subcarriers.

Fig. 2b-1 shows the example of comb-8 with two-symbol transmission. The staggering pattern follows our proposal as shown in Section 2a. The occupied subcarriers in the two symbols are evenly spaced with 4 subcarriers, resulting in an equivalent comb-4 structure. 

The cyclic shift factor in this example is 2*pi/4*m*n, where m= 0, 1, 2, 3 which means 4 cyclic shift values can be used. The parameter n starts from 0. It can be seen that by following the order of occupied subcarriers, we have n= 0, 2, 4, 6,.., for the first symbol, and n= 1,3,5,7,.., for the second symbol. The observation range after combining cyclic shift and staggering becomes 1/(4*4) = 1/16 of the symbol time period.

Fig. 2b-3 shows another example of comb-8 with four-symbol transmission. It can be seen that by using the proposed staggering pattern, the equivalent comb-2 structure is achieved. The cyclic shift factor in this example is also equal to 2*pi/4*m*n. Note that by following the order of occupied subcarriers, n= 0, 4, 8 for first symbol, n= 2, 6, 10 for second symbol, n= 1, 5, 9 for third symbol and finally n=3, 7, 11 for fourth symbol. The observation range becomes 1/(2*4) = 1/8 of the symbol time period.

For comb-8 structure, the cyclic shift number = 4 is applicable when there is staggering, or when there is constraint on RB number without staggering. The smaller cyclic shift number such as 4 are preferred since some timing uncertainty should be taken into account. 

Another possibility is to have different maximum cyclic shift number for different staggering level. For full staggering, the maximum cyclic shift number can be larger than that for the partial staggering in order to maintain reasonable observation range.

For the indoor office scenario, UE may receive the signal from 120 meters away. The propagation time delay for 120 meters is around 0.4us. The OFDM symbol time period for SCS=120KHz is 8.3us. The ratio is around 1/20 of the full symbol observation.

So we provide an example below,
	Staggering level
	Full staggering
equivalent comb-1
	equivalent comb-2
	equivalent 
comb-4

	Maximum cyclic 
shift number:
	12
	6
	4 or 3




Proposal 2b-1: After staggering, the cyclic shift can be applied to the REs across symbols with SRS transmission by following the order of occupied subcarriers

Proposal 2b-2: The smaller cyclic shift number such as 4 are preferred for comb-8 SRS with partial staggering

Proposal 2b-3: Another possibility is to have different maximum cyclic shift number for different staggering level. For full staggering, the maximum cyclic shift number can be larger than that for the partial staggering in order to maintain reasonable observation range


[image: ]
Fig. 2b-1: Example of comb-8 for two symbols and cyclic shift number = 4
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      Fig. 2b-2a, apply m=0                 Fig. 2b-2b, apply m=1
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      Fig. 2b-2c, apply m=2                 Fig. 2b-2d, apply m=3
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     Fig. 2b-1: Example of comb-8 for four symbols and cyclic shift number = 4







3 [bookmark: _GoBack]Conclusion
Based on the above, we have,

Proposal 2a-1: For comb-2, comb-4, and comb-8 SRS, the proposed staggering pattern can be mathematically expressed as
· 
Where Sf is the comb number, vshift is the common comb offset and l is the symbol index

Proposal 2a-2: For comb-8, the staggering pattern can also consider the following,
· 

	
	l = 0
	l = 1
	l = 2
	l = 3
	l = 4
	l = 5
	l = 6
	l = 7
	l = 8
	l = 9
	l = 10
	l = 11

	Comb=2
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1

	Comb=4
	0
	2
	1
	3
	0
	2
	1
	3
	0
	2
	1
	3

	Comb=8 (1st)
	0
	4
	1
	5
	2
	6
	3
	7
	0
	4
	1
	5

	Comb=8 (2nd)  
	0
	4
	2
	6
	1
	5
	3
	7
	0
	4
	2
	6


TABLE for relative RE offset from proposed equation

Proposal 2b-1: After staggering, the cyclic shift can be applied to the REs across symbols with SRS transmission by following the order of occupied subcarriers

Proposal 2b-2: The smaller cyclic shift number such as 4 are preferred for comb-8 SRS with partial staggering

Proposal 2b-3: Another possibility is to have different maximum cyclic shift number for different staggering level. For full staggering, the maximum cyclic shift number can be larger than that for the partial staggering in order to maintain reasonable observation range
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