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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,
· PRS symbol number and the corresponding combination with comb size 
· RE offset pattern (staggering pattern)
· Muting pattern configuration
· Initial seed design

2 Remaining issues
2a RE offset pattern
There is a FFS term on whether the PRS RE offset pattern should include the patterns to coexist with LTE CRS/PRS. Actually this is the intention to consider staircase pattern.

If LTE node and NR node are not coordinated well, the staircase pattern may be colliding completely when occupying the same comb index. Or when all the comb indexes are occupied for transmission by LTE nodes, any NR node with staircase pattern for transmission will collide with LTE PRS as well. This means the inheritance of the staircase PRS structure still can’t avoid collision. 

The muting pattern can actually solve the problem of collision, and it is irrelevant to whether NR node applies uniform or staircase pattern.

Furthermore, from UE implementation point of view, the staircase pattern may not be treated as a friendly design. The number of false peaks is greater than that of the uniform pattern when the UE observes the first several symbols for the intention to start the coarse timing search earlier. 

Therefore, we propose that the staircase pattern similar to that by LTE PRS is not considered.

Observation 2a-1: If LTE node and NR node are not coordinated well, the staircase pattern may be colliding completely when occupying the same comb index

Observation 2a-2: When all the comb indexes are occupied for transmission by LTE nodes, any NR node with staircase pattern for transmission will collide with LTE PRS as well

Observation 2a-3: The muting pattern can actually solve the problem of collision, and it is irrelevant to whether NR node applies uniform or staircase pattern

Observation 2a-4: From UE implementation point of view, the staircase pattern may not be treated as a friendly design. The number of false peaks is greater than that of the uniform pattern when the UE observes the first several symbols for the intention to start the coarse timing search earlier

Proposal 2a-1: The staircase pattern similar to that by LTE PRS is not considered

2b PRS symbol number and the corresponding combination with comb size
The currently agreed symbol number and comb number for downlink PRS are {2, 4, 6} and {2, 4, 6}. There are FFS on other values for further discussion.

We want to point out that, the LTE PRS, when without considering the symbols for CRS transmission, is transmitted in 8 symbols in a subframe. The maximum symbol number so far in the agreement is 6. This means, the NR downlink positioning performance could be worse than LTE because the number of symbols for transmission is related to the improvement of received SINR after processing.

The symbol number 8 and 12 should also be supported so that for comb-4 and comb-6 transmission, the UE can perform time domain interpolation on all the symbols for the fully staggering pattern.

One potential advantage for the comb-12 structure is to provide better interference avoidance by interleaved FDM (IFDM) manner of allowing 12 orthogonal transmissions. However, interference avoidance can be realized by multiple ways, for example by TDM transmission, by proper beamforming and by existing muting mechanism. 

The disadvantage due to the advantage of allowing 12 orthogonal transmissions is the limited RX processing gain. Hence, comb-12 is not preferred. Instead, comb-8 structure could be a better solution if we inspect altogether these factors of interference avoidance, attainable power boosting level and RX processing gain. Remember that comb-8 structure has been agreed for uplink PRS transmission. 

The cyclic shift operation can also be considered among several TPs by using same seed for scrambling. The small area deployment which results in small propagation delay could be the use case.

The comb size is to provide the multiplexing capability and the symbol number of PRS is to provide the coverage capability. Therefore, there is no strong reason that comb size should be equal to the symbol number.

The symbol number larger than the comb size should be supported. In this way, the intra-slot repetition can be performed to facilitate coherent combining. The coherent combining for the inter-slot repetition may suffer due to unknown frequency offset.

Furthermore, there is no need to achieve full staggering for all the cases. For the small area deployment such as the indoor scenario, the partial staggering without providing full-symbol observation time is sufficient. The RE offset pattern repetition can further provide the receiver processing gain since the time domain interpolation across symbols can be performed.

The proposed combinations of comb size and symbol number with the corresponding RE offset pattern are as follows,

Proposal 2b-6:
	
	2 symbols
	4 symbols
	6 symbols
	8 symbols
	12 symbols

	Comb-2
	{0,1}
	{0,1,0,1}
	{0,1,0,1,0,1}
	{0,1,0,1,0,1,0,1}
	{0,1,0,1,0,1
 0,1,0,1,0,1}

	Comb-4
	{0,2}
	{0,2,1,3}
and {0,2,0,2}
	{0,2,1,3,0,2}
and
{0,2,0,2,0,2}
	{0,2,1,3,0,2,1,3}
and
{0,2,0,2,0,2,0,2}
	{0,2,1,3,
 0,2,1,3,
 0,2,1,3}

	Comb-6
	
	
	{0,3,1,4,2,5}
and {0,2,4,0,2,4}
	
	{0,3,1,4,2,5,
 0,3,1,4,2,5}

	Comb-8
	
	
	
	{0,4,2,6,0,4,2,6}
	{0,4,2,6, 1,5,3,7,
0,4,2,6}
and
{0,4,2,6, 0,4,2,6,
0,4,2,6}



Observation 2b-1: The comb size is to provide the multiplexing capability and the symbol number of PRS is to provide the coverage capability. Therefore, there is no strong reason that comb size should be equal to the symbol number

Observation 2b-2: There is no need to achieve full staggering for all the cases. For the small area deployment such as the indoor scenario, the partial staggering without providing full-symbol observation time is sufficient

Observation 2b-3: For partial staggering, the RE offset pattern repetition can further provide the receiver processing gain since the time domain interpolation across symbols can be performed

Proposal 2b-1: The symbol number 8 and 12 should also be supported so that for comb-4 and comb-6 transmission, the UE can perform time domain interpolation on all the symbols for the fully staggering pattern

Proposal 2b-2: Comb-12 is not considered due to the limited RX processing gain

Proposal 2b-3: Comb-8 can be considered if we inspect altogether these factors of interference avoidance, attainable power boosting level and RX processing gain

Proposal 2b-4: The cyclic shift operation can also be considered among several TPs by using same seed for scrambling. The small area deployment which results in small propagation delay could be the use case

Proposal 2b-5: The symbol number larger than the comb size should be supported. In this way, the intra-slot repetition can be performed to facilitate coherent combining. The coherent combining for the inter-slot repetition may suffer due to unknown frequency offset


2c Muting pattern configuration
Two muting patterns are supported. One is the instance (occasion or burst) level muting and another one is the beam level muting. The remaining issue is that whether the two configurations can be configured simultaneously.

We don’t think this is needed because if the beam level muting is not sufficient, the network can directly configure instance level muting. The gain to configure both muting pattern is not evident.

Proposal 2c-1: The simultaneous configuration of two muting patterns is not supported

2d Initial seed design
The Rel-16 PRS design basically leverages a certain number of concepts of the Rel-15 CSI-RS structure, for example the structure of resource and resource set.

From RS overhead consideration, it could be better that CSI-RS and PRS can share the same physical resources. This means the same RS can be used for CSI purpose and for positioning purpose simultaneously. Based on this, the initial seed design needs to consider whether it is compatible between CSI-RS and PRS. 

If the RS sharing between PRS and CSI-RS is not considered, the initial seed design still needs to be careful. The easy extension of the initial seed equation for CSI-RS to support PRS with 4096 ID number may produce same sequence as that for CSI-RS. Let’s check the below equations,
[image: ]   (Eqn. 1)
[image: ]        (Eqn. 2)

[image: ]     (Eqn. 3)

[bookmark: _GoBack]When csirsid = 0, n = 0 and l = 3 in Eqn. 1, cinit = 4096, and when prsid = 0, n = 0 and l = 0 in Eqn. 2, cinit = 4096. Furthermore, when prsid = 0, n = 0 and l = 0 in Eqn. 3, cinit = 65536, and when csirsid = 0, n = 4 and l = 7 in Eqn. 1, cinit = 65536. This means when the CSI-RS transmission and PRS transmission from different cells arrive to the UE at the same time, the PRS transmission could be perturbed significantly because CSI-RS and PRS have the same sequence.

As such the proper modification of the initial seed equation for CSI-RS is needed. We propose that,
[image: ] (Eqn. 4)


The differences between the modified equation for PRS and the original one for CSI-RS have two. It is seen that,
· nid in original equation is modified as nid % 1024
· An offset term is introduced, which is 

The offset term is needed to avoid overlapping between the original ID range (0~1023) and the extended range up to 4095. The parameter a in the offset term can be derived through simulation to check whether there is overlapping. a = 229 is feasible from our evaluation.

The above analysis is to consider that even though there are 4096 PRS ID number, 1024 number of which is shared with CSI-RS. Another consideration is that, PRS can exclusively own 4096 ID number without sharing with CSI-RS and in the meantime PRS can also utilize the ID value for CSI-RS as sharing. 

The proposed Eqn. 4 can achieve this purpose by extending ID number from 4096 to 5120, and where the nid= 0~1023 is for CSI-RS and nid= 1024~5119 is exclusively for PRS. The parameter a needs to be modified as 228.



Observation 2d-1: The easy extension of the initial seed equation for CSIRS to support PRS with 4096 ID number may produce same sequence as that for CSI-RS

Proposal 2d-1: We consider the sequence sharing between PRS and CSI-RS in order to reduce system overhead. This means, PRS can use the resource (scrambling) IDs of CSI-RS

Proposal 2d-2: The CSI-RS seed generation equation can be modified to support 4096 IDs and in the meantime the modified equation should be backward compatible to the existing equation for CSI-RS seed generation

Proposal 2d-3: The modified initial seed equation for supporting 4096 IDs for PRS can be expressed as
[image: ]
  Where the parameter a = 229 is feasible from our evaluation and nid has a range of 0~4095

Proposal 2d-4: Another consideration is that, PRS can exclusively own 4096 ID number without sharing with CSI-RS and in the meantime PRS can also utilize the ID value for CSI-RS as sharing. For example, nid= 0~1023 is for CSI-RS and nid= 1024~5119 is exclusively for PRS. Thus, same equation can be applied with further modification on the parameter a 
[image: ]
Where the parameter a = 228 is feasible from our evaluation and nid has a range of 0~5119


3 Conclusion
Based on the above, we have,

Observation 2a-1: If LTE node and NR node are not coordinated well, the staircase pattern may be colliding completely when occupying the same comb index

Observation 2a-2: When all the comb indexes are occupied for transmission by LTE nodes, any NR node with staircase pattern for transmission will collide with LTE PRS as well

Observation 2a-3: The muting pattern can actually solve the problem of collision, and it is irrelevant to whether NR node applies uniform or staircase pattern

Observation 2a-4: From UE implementation point of view, the staircase pattern may not be treated as a friendly design. The number of false peaks is greater than that of the uniform pattern when the UE observes the first several symbols for the intention to start the coarse timing search earlier
Observation 2b-1: The comb size is to provide the multiplexing capability and the symbol number of PRS is to provide the coverage capability. Therefore, there is no strong reason that comb size should be equal to the symbol number

Observation 2b-2: There is no need to achieve full staggering for all the cases. For the small area deployment such as the indoor scenario, the partial staggering without providing full-symbol observation time is sufficient

Observation 2b-3: For partial staggering, the RE offset pattern repetition can further provide the receiver processing gain since the time domain interpolation across symbols can be performed

Observation 2d-1: The easy extension of the initial seed equation for CSIRS to support PRS with 4096 ID number may produce same sequence as that for CSI-RS

Proposal 2a-1: The staircase pattern similar to that by LTE PRS is not considered

Proposal 2b-1: The symbol number 8 and 12 should also be supported so that for comb-4 and comb-6 transmission, the UE can perform time domain interpolation on all the symbols for the fully staggering pattern

Proposal 2b-2: Comb-12 is not considered due to the limited RX processing gain

Proposal 2b-3: Comb-8 can be considered if we inspect altogether these factors of interference avoidance, attainable power boosting level and RX processing gain

Proposal 2b-4: The cyclic shift operation can also be considered among several TPs by using same seed for scrambling. The small area deployment which results in small propagation delay could be the use case

Proposal 2b-5: The symbol number larger than the comb size should be supported. In this way, the intra-slot repetition can be performed to facilitate coherent combining. The coherent combining for the inter-slot repetition may suffer due to unknown frequency offset

Proposal 2b-6: The proposed combinations of comb size and symbol number with the corresponding RE offset pattern are as follows,
	
	2 symbols
	4 symbols
	6 symbols
	8 symbols
	12 symbols

	Comb-2
	{0,1}
	{0,1,0,1}
	{0,1,0,1,0,1}
	{0,1,0,1,0,1,0,1}
	{0,1,0,1,0,1
 0,1,0,1,0,1}

	Comb-4
	{0,2}
	{0,2,1,3}
and {0,2,0,2}
	{0,2,1,3,0,2}
and
{0,2,0,2,0,2}
	{0,2,1,3,0,2,1,3}
and
{0,2,0,2,0,2,0,2}
	{0,2,1,3,
 0,2,1,3,
 0,2,1,3}

	Comb-6
	
	
	{0,3,1,4,2,5}
and {0,2,4,0,2,4}
	
	{0,3,1,4,2,5,
 0,3,1,4,2,5}

	Comb-8
	
	
	
	{0,4,2,6,0,4,2,6}
	{0,4,2,6, 1,5,3,7,
0,4,2,6}
and
{0,4,2,6, 0,4,2,6,
0,4,2,6}



Proposal 2c-1: The simultaneous configuration of two muting patterns is not supported

Proposal 2d-1: We consider the sequence sharing between PRS and CSI-RS in order to reduce system overhead. This means, PRS can use the resource (scrambling) IDs of CSI-RS

Proposal 2d-2: The CSI-RS seed generation equation can be modified to support 4096 IDs and in the meantime the modified equation should be backward compatible to the existing equation for CSI-RS seed generation

Proposal 2d-3: The modified initial seed equation for supporting 4096 IDs for PRS can be expressed as
[image: ]
  Where the parameter a = 229 is feasible from our evaluation and nid has a range of 0~4095

Proposal 2d-4: Another consideration is that, PRS can exclusively own 4096 ID number without sharing with CSI-RS and in the meantime PRS can also utilize the ID value for CSI-RS as sharing. For example, nid= 0~1023 is for CSI-RS and nid= 1024~5119 is exclusively for PRS. Thus, same equation can be applied with further modification on the parameter a 
[image: ]
Where the parameter a = 228 is feasible from our evaluation and nid has a range of 0~5119
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