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Introduction
RAN4 #97 e-meeting has resolved the majority issues regarding the measurement period of PRS-RSTD [1] and several opens issues are left for further discussion, as listed in WF [2]. This contribution will discuss the remaining issues and provided our considerations accordingly.
Discussion
Multiple PRS periodicities
	Multiple PRS periodicities
· Option 1: Use the maximum PRS resource periodicity among all PRS resources in a single positioning frequency layer 
· Option 2: Use the least common multiple of PRS periodicities among all PRS resources in a single positioning frequency layer
· Option 3: In Rel-16, RAN4 requirements should apply only for PRS periodicities that are multiples of 5 ms
· Option 4: FFS, consider the case where e.g. not all PRS resources or resource sets are in gaps.



As mentioned in the last meeting, option 1 is not workable in some scenarios, e.g. when PRS resources with 10ms periodicity and PRS resources with 8ms periodicity are configured in the same frequency layer. Option 2 is more comprehensive than option 3 since it is applicable even if some PRS periodicities are not the multiple of 5ms. To handle the concern behind option 4, one note could be added to option 2, e.g. “only the PRS resources or resource sets within the MGs should be considered”.
Proposal 1: For multiple PRS periodicities, support option 2 to use the least common multiple among PRS periodicities in a single frequency layer, where only the PRS resources or resource sets within the MGs should be considered. 

The corresponding TP is also given below:
	If positioning frequency layer i has more than one DL PRS resource set with different PRS periodicities, the maximum least common multiple of PRS periodicities among DL PRS resource sets is used to derive the measurement period of that positioning frequency layer, where only the PRS resources or resource sets within the MGs should be considered.



[bookmark: _Hlk54019695]Measurement period of multiple PRS layers
	Measurement period (to be discussed at RAN4#98-e):
· Option 1 (sum-based for overlapping case) [TS38.133 v16.5.0]
· Measurement period of multiple PRS layers is defined as summation of the measurement period in each frequency layer 
· CSSF is only for the MG sharing between PRS and RRM layers. Count only a single PRS layer for a gap occasion in CSSF calculation for both PRS and RRM layers.
· FFS: the need for explicit definition of TRSTD,i  (imposes specific UE implementation particularly in the sum-based approach, which shall be avoided)
· FFS: how to choose 1 frequency layer
· FFS: the definition of PRS/RRM frequency layer when both PRS and RRM are configured on the same frequency layer
· FFS: the exact CSSF definition (different from Rel-15 CSSF concept)
· Option 2 (max-based for both overlapping and non-overlapping cases)
· Maxi () + Xlast
· CSSF is based on Rel-15 CSSF concept (i.e., all positioning layers are counted), no need to re-define
· k is added in

k=TBD, e.g., number of PRS frequency layers (≠i) having their PRS (in another MG) within Ti from the current MG when Ti < Tprs,i, otherwise k=1
· FFS: rule for long-periodicity PRS measurements when ≥2 frequency layers have long Tprs



There is extensive discussion about the two options in the last meeting, and each one has its advantages but may also require extra work efforts as summarized below. 
Table 1. Pros and cons of the two options
	
	Option 1: Counting only one single PRS layer in CSSF calculation and the total measurement period is derived by a sum-based method.
	Option 2: Counting all the PRS layers in CSSF calculation and the total measurement period is derived by a max-based method.

	Pros
	No extra effort to extend the period in case of collision between PRS layers due to long processing time.
	Rel-15 CSSF concept could be reused and no need to re-define.

	Cons
	CSSF concept is different from Rel-15 CSSF.
	How to deal with the long processing time is not clear, e.g. by adding a scaling factor k

	
	How to choose one PRS layer is not clear.
	Rules for more than one long-periodicity PRS layers

	
	Whether TRSTD,i is needed since it imposes specific UE implementation.
	



Firstly, putting the details aside and considering the two options about CSSF calculation, it is noted that the MG sharing ratio between PRS and SSB/CSI-RS based RRM measurements may be different. For example, when UE is configured with 1 SSB based MO and 2 PRS layers, and they have the same periodicity and time offset. As illustrated in Figure 1,
· Option 1: CSSF = 2, which means for every 2 MGs, one MG is used for SSB and the other is used for PRS, and the PRS MG will be shared by two PRS layers further. Then, , 
· Option 2: CSSF = 3, which means for every 3 MGs, one MG is used for SSB and the other two MGs are used for the two PRS layers respectively. Then, , 
From this perspective, option 2 is fairer for PRS measurements than option 1.
Observation 1: Counting all PRS layers for CSSF calculation is fairer for PRS measurements.
Proposal 2a: CSSF is based on Rel-15 CSSF concept and all PRS layers should be counted.



Figure 1. measurement period of the two options

If proposal 2 is accepted, a new scaling factor k is considered to further extend PRS measurement period for long processing time cases. However, the formula in option 2 is incorrect, one minor modification is proposed to multiple k with CSSF and  directly, i.e. 
Proposal 2b: For long PRS processing time cases, the following scaling factor k should be added:


In addition, the scaling factor k is only applied to the PRS layer i whose processing time covers other PRS layers. From our perspective, k should also be applied to the other PRS layers whose PRS instance is be covered by the processing time of PRS layer i. As shown in Figure 2, two PRS layers with different time offsets are configured, and the processing time of PRS layer 1 is so long that it can cover PRS instance of PRS layer 2. The PRS measurements of both the two layers will be affected. Applying scaling factor k only to PRS layer 1 implies that PRS layer 2 should be measured prior to PRS layer 1, which is not expectable. Moreover, the total PRS measurement period, which is calculated by max(, ) in option 2, may be incorrect if PRS instances required for PRS layer 2 measurements is more than that of PRS layer 1. For example, when  for PRS layer 1,  for PRS layer 2, and the other parameters such as , CSSF=1,  and  are identical for PRS layer 1 and PRS layer 2, then , . However, within the total measurement period, i.e. max(, )=, UE could only complete the measurement of one PRS layer.


Figure 2. PRS collision due to long processing time

Proposal 2c: The scaling factor k should be applied to all PRS layer involved in the collision, including:
· PRS layer i whose processing time covers other PRS instances
· PRS layer j whose PRS instance is covered by the processing time of PRS layer i 

Then, we discuss the definition and value of scaling factor k. Considering the case in Figure 3, the processing time of PRS layer 1 in MG #0 covers MG #1, which contains two PRS layers. From our understanding, it is kind of collision between PRS layer 1 in MG #0 and all PRS layers in MG #1. The competition for MG #1 between PRS layer 2 and layer 3 is already reflected in CSSF, and should not be taken into accounted in k. In summary, the value of k should be the number of colliding MGs rather than the number of PRS layers. 
Proposal 2d: The value of k should be the number of colliding MGs due to long processing time.


Figure 3. PRS collision of multiple PRS layers

Finally, if more than one long-periodicity PRS layers are configured, the same MG competition rules as short-periodicity PRS layers could be reused with the exception that such competition is allowed among long-periodicity PRS layers while short-periodicity PRS layers and other gap-based RRM measurements should not be considered. 
Proposal 2e: If more than one long-periodicity PRS layers are configured, the same MG competition rules as short-periodicity PRS layers could be reused.
Based on these analysis, we propose the follow option. 
Proposal 2: To calculate the measurement period of multiple PRS layers, option 3 is proposed:
· Maxi () + Xlast
· CSSF is based on Rel-15 CSSF concept (i.e., all positioning layers are counted), no need to re-define
· k is added in
· 
· k should be applied to all PRS layers involved in the collision
· k is the number of colliding MGs due to long processing time
· If more than one long-periodicity PRS layers are configured, the same MG competition rules as short-periodicity PRS layers could be reused.

Conclusion
In this paper, some considerations on RSTD measurement requirements are provided and the following observations and proposals can be drawn.
Observation 1: Counting all PRS layers for CSSF calculation is fairer for PRS measurements.
[bookmark: _GoBack]Proposal 1: For multiple PRS periodicities, support option 2 to use the least common multiple among PRS periodicities in a single frequency layer, where only the PRS resources or resource sets within the MGs should be considered. 
Proposal 2a: CSSF is based on Rel-15 CSSF concept and all PRS layers should be counted.
Proposal 2b: For long PRS processing time cases, the following scaling factor k should be added:

Proposal 2c: The scaling factor k should be applied to all PRS layer involved in the collision, including:
· PRS layer i whose processing time covers other PRS instances
· PRS layer j whose PRS instance is covered by the processing time of PRS layer i 
Proposal 2d: the value of k should be the number of colliding MGs due to long processing time.
Proposal 2e: If more than one long-periodicity PRS layers are configured, the same MG competition rules as short-periodicity PRS layers could be reused.
Proposal 2: To calculate the measurement period of multiple PRS layers, option 3 is proposed:
· Maxi () + Xlast
· CSSF is based on Rel-15 CSSF concept (i.e., all positioning layers are counted), no need to re-define
· k is added in
· 
· k should be applied to all PRS layers involved in the collision
· k is the number of colliding MGs due to long processing time
· If more than one long-periodicity PRS layers are configured, the same MG competition rules as short-periodicity PRS layers could be reused.
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