
3GPP TSG RAN WG1 #108-e		R1-2201297
e-Meeting, February 21th – March 3rd, 2022
Source:	OPPO
[bookmark: _GoBack]Title:	Remaining issues for PDC
Agenda Item:	8.3.4
Document for:	Discussion and Decision

[bookmark: _Ref85728113]Introduction
This contribution discusses the following issues in support of time synchronization by using propagation delay compensation: 
· The spatial relation between SRS and PRS.
· The determination of pointA for PDC PRS. 
Discussions
Spatial relation between SRS and PRS
RAN1 #107bis reached the following working assumption in GTW session, but later majority companies preferred to have more time to think about the decision. 
	Working Assumption
Alt.1: Add new “spatialRelationInfo-PDC-r17” field to SRS-Resource to indicate the spatial relation between a reference RS and the target SRS, with spatialRelationInfo-PDC-r17 as below: 
spatialRelationInfo-PDC-r17 ::=     SEQUENCE {
    referenceSignal                     CHOICE {
        ssb-Index                           SSB-Index,
        csi-RS-Index                        NZP-CSI-RS-ResourceId,
dl-PRS-PDC                          nr-DL-PRS-ResourceID-r16
        srs                                 SEQUENCE {
            resourceId                          SRS-ResourceId,
            uplinkBWP                           BWP-Id
        }
    }
}
Note: RAN1 does not pursue further optimization for SRS configuration with legacy usage and meanwhile with PRS as spatial relation source.


The above working assumption targets to introduce PDC PRS as spatial relation RS for PDC SRS, which was however not needed for the SRS in Rel-16 for the same purpose of intra-cell measurement of gNB Rx-Tx timing difference.  The benefit of adding PDC PRS as spatial relation RS for SRS is said to be the configuration flexibility of spatial relation; however, this benefit does not seem to justify the potential issues brought by this new spatial relation.  
· Create a dilemma on whether to have PDC purpose and MIMO purpose by the same SRS: 
· If the PDC SRS configured with PRS as spatial relation RS is also actually used for MIMO purpose (as one of four legacy “usage”), the spatial relation chain for the SRS MIMO is modified from Rel-16, which is out of scope of Rel-17 PDC and has not been discussed in any Rel-17 agenda. We believe it should not be determined in URLLC agenda whether the PRS should leak into NR MIMO framework.  
· If the PDC SRS configured with PRS as spatial relation RS is not actually used for MIMO purpose (even though the SRS has to be configured with one of four legacy MIMO “usage”), there would come short-comings as well. To be more specific, 
· In case SRS usage is set to either “codebook” or “nonCodebook”, a UE can be configured with only one SRS resource set. Therefore, it would be challenging in real deployment to make a PDC SRS not useable by MIMO but meanwhile with the legacy usage set to “codebook” or “nonCodebook”. 
· In case SRS usage is set to “antennaSwitching”, most of Tx/Rx antenna configurations for a UE are limited to have up to two SRS resource sets with “antennaSwitching”, which also leads to a competition between SRS actually used for MIMO and SRS actually not used for MIMO (but for PDC).  
· In case SRS usage is set to “beamManagement”, the SRS transmission is limited to one SRS resource, instead of multiple SRS resources, per SRS resource set at a time, which can be a disadvantage from performance point of view. 
In our view, the flexibility by adding PRS as spatial relation RS of SRS is far weaker than the disadvantages caused by doing so, including the competition between PDC SRS and MIMO SRS as well as the potential performance restriction for PDC SRS.   
· Restrict PDC SRS to be periodic: 
It is identified in RAN1 #107bis that adding PRS as spatial relation RS of SRS is not compatible to existing MAC-CE for updating spatial relation, which is defined for aperiodic SRS only. The counter-argument is therefore to make the new PRS-SRS spatial relation only available to periodic PDC SRS. This would be another restriction to PDC SRS in our view, given the gNB may only need to measure/provide gNB-side Tx-Rx time difference aperiodically, especially when the PDC is based on ReferenceTimeInfo in UE-dedicated RRC signaling; to force using periodic SRS in such a case may result in waste of UL resources.    
· Require UE implementation go beyond Rel-16 for beam relation between single port PRS and multi-port SRS
Although PDC SRS could be excluded from normal MIMO operations, the MIMO/beam relation between PRS and SRS would be something new for Rel-17 UE to implement beyond Rel-16 SRS reception. 
· Complicate RAN1 discussion on UE feature and capability
In case PRS can be the spatial relation RS for SRS, then no matter whether UE implementation picks CSI-RS based RTT PDC (FG 25-19) or PRS based RTT PDC (FG 25-19a), UE has to support PRS reception unless FG 25-19 is further split to a sub-feature for PRS-SRS based spatial relation.    
 Given above analysis, we have the following proposal. 
Proposal 1: Rel-17 PDC does not support PRS as spatial relation RS of SRS.     
The determination of pointA for PDC PRS
In the current 38.211, the PRS RE allocation in frequency domain is described as following:
	
The reference point for  is the location of the point A of the positioning frequency layer, in which the downlink PRS resource is configured where point A is given by the higher-layer parameter dl-PRS-PointA.


 Further, RAN1 #107bis agreed that:
	Agreement
Include dl-PRS-ResourceBandwidth-r16 and dl-PRS-StartPRB-r16 in NR-DL-PRS-Resource-r16 for the PRS configuration for RTT-based PDC.
Agreement
dl-PRS-PointA-r16 is not included for the PRS configuration for RTT-based PDC.
· RAN1 specification change is expected 


However, the above two RAN1 #107bis agreements are a bit conflicting to each other, because according to 37.355 the parameter “dl-PRS-StartPRB-r16” is defined based on point-A of PRS, as following:
	dl-PRS-StartPRB
This field specifies the start PRB index defined as offset with respect to reference DL-PRS Point A for the Positioning Frequency Layer. All DL-PRS Resources Sets belonging to the same Positioning Frequency Layer have the same value of dl-PRS-StartPRB.


Therefore, RAN1 should re-define “dl-PRS-StartPRB-r16” for PDC PRS in order to indicate the frequency domain location for the starting RE of PDC PRS in a way independent from point-A of positioning PRS.   
Proposal 2: “dl-PRS-StartPRB-r16” for PDC PRS is re-defined as offset in unit of PRB between the starting PRB index of PRS used for PDC and the subcarrier of k=0. This means:
· The PRS RE allocation formula in 38.211 is modified as  by adding a term , where  is indicated by “dl-PRS-StartPRB-r16” for PDC PRS and equal to 0 for positioning PRS. 
· The following spec text in current 38.211 is restricted to be applicable to positioning PRS only. 
“The reference point for  is the location of the point A of the positioning frequency layer, in which the downlink PRS resource is configured where point A is given by the higher-layer parameter dl-PRS-PointA.” 
Another issue of frequency domain allocation for PDC PRS is that both dl-PRS-ResourceBandwidth-r16 and dl-PRS-StartPRB-r16 are defined per resource for PDC PRS, which is a different way from positioning PRS. For the latter one, all the positioning PRS resources and PRS resource sets in a PRS frequency layer share the same bandwidth and the same starting PRB. Therefore, in order to allow UE reusing the same hardware to perform receptions of PDC PRS and positioning SRS, it is proposed that
Proposal 3: UE does not expect to be configured with different dl-PRS-StartPRB-r16 or different dl-PRS-ResourceBandwidth-r16 for any two PDC PRS resources. 
Note that without the restriction in Proposal 3, 
· The UE implementation may be different between the reception of PDC PRS and the reception of positioning PRS, which may make it debatable whether the UE feature of PRS-based RTT PDC (FG 25-19a) should take positioning PRS feature as a prerequisite. 
· 38.822 says for positioning PRS that “UE is not expected to support DL PRS bandwidth that exceeds the reported DL PRS bandwidth value”. But for PDC PRS, RAN1 needs to clarify whether such “not expected to support” should be applicable to PDC PRS per PRS configuration or per PRS resource, i.e., whether a PRS BW larger than reported capability should invalidate the whole PRS configuration or the corresponding PRS resource only. 
Conclusions
This contribution provides the following proposals:
Proposal 1: Rel-17 PDC does not support PRS as spatial relation RS of SRS.     
Proposal 2: “dl-PRS-StartPRB-r16” for PDC PRS is re-defined as offset in unit of PRB between the starting PRB index of PRS used for PDC and the subcarrier of k=0. This means:
· The PRS RE allocation formula in 38.211 is modified as  by adding a term , where  is indicated by “dl-PRS-StartPRB-r16” for PDC PRS and equal to 0 for positioning PRS. 
· The following spec text in current 38.211 is restricted to be applicable to positioning PRS only. 
“The reference point for  is the location of the point A of the positioning frequency layer, in which the downlink PRS resource is configured where point A is given by the higher-layer parameter dl-PRS-PointA.” 
Proposal 3: UE does not expect to be configured with different dl-PRS-StartPRB-r16 or different dl-PRS-ResourceBandwidth-r16 for any two PDC PRS resources. 
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