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1. Introduction
In previous meetings, some agreements are made on TRS/CSI-RS for IDLE/inactive UEs. In this contribution, we will discuss remaining issues on TRS/CSI-RS for idle and inactive UEs power saving.  
2. QCL information for TRS Configuration
For QCL information of TRS, following agreements are made in last meeting.
	Agreement:
Support higher layer configuration of the QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs.
· FFS details of the QCL information, e.g. associated SSB index


For TRS resources configured for RRC connected UEs, TRS can be typeC QCLed with an SSB, and typeD QCL can also be indicated, when applicable, provided as follows.
	· In section 5.1.5 of TS 38.214
For a periodic CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info, the UE shall expect that a TCI-State indicates one of the following quasi co-location type(s):
-	'typeC' with an SS/PBCH block and, when applicable, 'typeD' with the same SS/PBCH block, or
-	'typeC' with an SS/PBCH block and, when applicable, 'typeD' with a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, 


Similarly, for TRS configured for idle and inactive UEs, the same rule can be reused. Since the TRS and SSBs can be transmitted using different beams, the QCL information for each TRS resource set can be optionally configured. The TRS configured to idle/inactive UEs are not restricted to be always QCL with an SSB. Otherwise, NW flexibility on providing the TRS resources would be limited.
[bookmark: PP1]Proposal 1: TRS resources configured for idle/inactive UEs can be type-C or type-D qualsi co-located with SSB, and the QCL information of the TRS resource can be optionally configured.
3. [bookmark: _Ref498564494]Availability of TRS for idle/inactive UEs
1. [bookmark: _Hlk521582650]
2. 
3. 
[bookmark: _Hlk56167136]Availability of TRS for idle and inactive UEs are discussed in previous meetings, and following agreements are made [1].
Working assumption:
Support at least L1 based signalling for the availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs.
· FFS details, including paging DCI and/or PEI for L1 based signalling
· FFS SIB-based signalling/configuration
· Note: It is RAN1 understanding that existing SI update procedure is used for SIB based signalling
Accordingly, we will discuss the detailed solutions for the availability indications.
1. 
2. 
3. 
3.1. Channels for TRS availability indication
The TRS availability indication can be delievered in paging DCI or PEI, and there are some bits reserved in paging DCI, hence some of the reserved bits can be used to indicate TRS state/configuration update. Paging PDCCH can be used to indicate on/off state of the configured TRS resource. A bitmap can be constructed by the reserved bits, where each bit is associated with a TRS resource or a set of TRS resource(s). which is used to indicate UE whether the associated CSI resource is actually transmitted by gNB. The network can flexibly switch on/off the TRS resources configured by SIB through paging DCI. Note that, the reserved bits in paging DCI are ignored by legacy UEs, and there would be no impacts for legacy UEs. 
The availability indication can also be transmitted in PEI, if connfigured. However, PEI for paging reception and TRS should be decoupled features for UE power saving. Otherwise, it means TRS availability can not be indicated when PEI is not configured. Idle/inactive UEs may need to support different implementations with or without PEI, and leading to additional complexity for UE implementation. Besides, whether the indication can be delievered in PEI also depends on the signal/channel design of PEI. If PEI is PDCCH, and considering the paging subgrouping to be delievered in PEI, and further limited DCI size, e.g. 12 bits, to guarantee PEI reliability, the feasibility for availability indication through PEI is not clear. Availability indication through PEI should be further studied after the details for PEI signaling/channel design are clear. 
[bookmark: OB1][bookmark: OB7]Observation 1: TRS availability indication can not be provided, if only PEI is supported for L1 availability and PEI is not configured.
[bookmark: PP2]Proposal 2: The availability indication can be delievered at least through paging DCI.
· TRS availability indication through PEI also depends on the signal/channel design of PEI, and it can be discussed after the details are clear.
For SIB-based TRS availability update can also be considered for some scenarios NW may take quite a long time to switch on/off the TRS for idle/inactive UEs.  For example, NW switch on TRS transmission during day time, and during which NW need to serve a large number of UEs, and the TRS can be considered as ‘always on’ transmission in such cases. In the evening, number of connected UEs is greatly decreased, and NW can switch off the TRS transmission for power saving. In this case, at least current SI update mechanism can be reused, and additional overhead is limited due to the state of TRS transmission rarely changes. It can be up to RAN2 whether any new mechanisms needed for this specific use case. 
[bookmark: PP3]Proposal 3: SIB based TRS avsilsbility update can be supported.
· It is up to RAN2 to decide whenther the same SI update mechanism is reused.

3.2. TRS availability update mechanism based on L1 indication
In previous meetings, some availability indication methods are proposed, summarized as follows
· Alt-1: UE assumes the TRS available before receiving L1 signaling indicating the TRS as NOT available.
· Alt-2: L1 availability indication provides the instantaneous availability of TRS, e.g. available within a validity duration, and after which UE cannot assume the TRS resource available.
For Alt-1, UE assumes the TRS available before indicated as not available. From UE perspective, the TRS resources are similar to semi-persistent resources, and the function of availability indication is similar to activation signaling of semi-persistent reference signals. Thus, UE does not need to check the availability, and receive TRS for T/F tracking when needed. Note that, there would be transmissions, other than paging, could be supported for Rel-17 UEs in idle/inactive state, such as DL reception for MBS and UL transmission for SDT. As shown in [2], UE can obtain more accurate T/F tracking through TRS in addition to SSB only. Hence, idle/inactive UEs can also take advantage of TRS resources for T/F tracking.
While for Alt-2, the L1 availability indication provides instantaneous availability within a time duration after the indication is detected. In this case, idle and inactive UE cannot make full use of the TRS resources even if the TRS resources are actually transmitted. The motivation for the validity timer is to avoid signaling overhead to switch off the TRS. However, NW can select the stable TRS, which would not be switched on/off frequently, to serve idle and inactive UEs. Thus, the additional overhead can be minimized.
[bookmark: OB2]Observation 2: For Rel-17 UEs in idle/inactive state, DL reception for MBS and UL transmission for SDT can also take advantage of TRS resources for T/F tracking.
[bookmark: PP4]Proposal 4: UE assumes the TRS available before receiving signaling indicating the TRS as NOT available.
Assuming the availability indication is provided through paging PDCCH or PEI, and considering the TRS resources are provided to idle/inactive UEs with different UE-ID and/or different periodicity of paging cycles, different UEs may reveive PEI or paging PDCCH in different occassions. Thus, an application time for availability indication transmission should be considered at NW, to make sure all UEs can obtained the availability indication before the NW actually switches off the availability indication As shown in Figure 1, the application time should not be shorter than one DRX cycle.


[bookmark: _Ref67590817]Figure 1. Timeline for TRS on-to-off switching indication to take effect
Alternatively, the application time for availability indication can be transparent to idle/inactive UEs. UE assumes the TRS available or not available once the availability indication is received. 
For  on-to-off switching for TRS resources, although NW does not switch off TRS transmission immediately, UE still assumes the TRS not available. For off-to-on switching for TRS resources, UE assumes the TRS not present, and performs T/F tracking based on SSBs until the availability indication is received, although the TRS have been actually transmitted by NW, as shown in Figure 2. UE can assume the TRS is present immediately after the “switching on” indication is received. The latency for the TRS availability indication has less impact to UE performance.

[bookmark: _Ref67590796]Figure 2. Timeline for TRS off-to-on switching indication to take effect
[bookmark: PP5]Proposal 5: The L1 availability indication takes effect once it is received from UE perspective. 

3.3. Indication Content for L1 availability
For the indication content, the following agreements are made in last meeting.
	Agreement:
For the information provided by a physical layer availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs, one or more alternatives from the following can be supported:
· Alt1: Availability/unavailability information for all or some of configured RS resources using a bitmap or codepoint
· e.g. using bitmap, where each bit from a bitmap or a codepoint is associated with at least one resource/configuration or a set/group of resources
· e.g. a codepoint to indicate a state of availability/unavailability for all or some of configured RS resources  
· Alt2: value or codepoint to indicate one or more resource/configuration indices that correspond to the available RS resources
· FFS whether and how to indicate the ‘availability’ in beam selective manner.
· Other alternatives are not precluded


For the availability indication, the signalling design should support indication of (un)availability of multiple TRS resources, even all of the SIB configured TRS resources, in a same signal/channel. And the number of information bits should be limited. 
Both Alt-1 and Alt-2 provide the TRS availability in beam selective manner, these are not mutually exclusive. Since, RS resource can be associated with beams, the availability of TRS resource also implies of availability of TRS beams. For Alt-1, multiple TRS resource can be grouped to associated with one of the bits in the bitmap, and NW can limit the size of bitmap by properly grouping of the TRS resources. And it also provides the flexibility for NW to change the state of one resource, or even all of the resources. While for Alt-2, resource indices are indicated, it is not so flexible for NW to change the state of TRS resources with different combinations. Hence, Alt-1 is slightly preferred.
[bookmark: PP6]Proposal 6: Availability/unavailability information for all or some of configured RS resources is indicated using a bitmap, where each bit is associated with at least one resource or a set/group of resources.

4. TRS overlapping with other transmissions
In Rel-16, idle UEs are not provided with TRS configurations, and UE receives the broadcast PDSCHs without considering overlapping with TRS/CSI-RS resources. For SIB1, overlapping with CSI-RS is error case in current specification, according to section 5.1.6.1 in TS38.214.
	…
The UE is not expected to receive CSI-RS and SIB1 message in the overlapping PRBs in the OFDM symbols where SIB1 is transmitted.


However, there is no restriction on TRS/CSI-RS overlapping with other broadcast PDSCH, e.g., paging PDSCH and OSI, and it may be difficult for NW to always avoid colliding at NW scheduler. It is not clear whether NW will transmit overlapping TRS/CSI-RS in resources for paging/OSI PDSCHs in implementation, as we discussed in our companion paper [3].
[bookmark: OB5][bookmark: OB3]Observation 3: UE behaviour is not clear for TRS/CSI-RS overlapping with broadcast PDSCH other than SIB1.
NW may or may not transmit TRS/CSI-RS and paging/OSI PDSCHs in overlapping resources, but the transmission of overlapping TRS resources are transparent to UEs. In Rel-17, when the availability information of TRS resources is provided, a better detection performance for these broadcast PDSCH can be obtained if the availability of overlapping TRS resources are considered at receiver.
[bookmark: PP7][bookmark: OB6][bookmark: OB4][bookmark: _GoBack]Observation 4: Better performance can be achieved for paging/OSI PDSCH if availability of overlapping TRS resources are considered at receiver.
Conclusions
In this contribution, we discuss the CSI-RS/TRS for idle and inactive UEs, and we have the following observations and proposals:
Proposal 1: TRS resources configured for idle/inactive UEs can be type-C or type-D qualsi co-located with SSB, and the QCL information of the TRS resource can be optionally configured.
Observation 1: TRS availability indication can not be provided, if only PEI is supported for L1 availability and PEI is not configured.
Proposal 2: The availability indication can be delievered at least through paging DCI.
· TRS availability indication through PEI also depends on the signal/channel design of PEI, and it can be discussed after the details are clear.
Proposal 3: SIB based TRS avsilsbility update can be supported.
· It is up to RAN2 to decide whenther the same SI update mechanism is reused.
Observation 2: For Rel-17 UEs in idle/inactive state, DL reception for MBS and UL transmission for SDT can also take advantage of TRS resources for T/F tracking.
Proposal 4: UE assumes the TRS available before receiving signaling indicating the TRS as NOT available.
Proposal 5: The L1 availability indication takes effect once it is received from UE perspective. 
Proposal 6: Availability/unavailability information for all or some of configured RS resources is indicated using a bitmap, where each bit is associated with at least one resource or a set/group of resources.
Observation 3: UE behaviour is not clear for TRS/CSI-RS overlapping with broadcast PDSCH other than SIB1.
Observation 4: Better performance can be achieved for paging/OSI PDSCH if availability of overlapping TRS resources are considered at receiver.

References
1. [bookmark: _Ref53424964][bookmark: _Ref32217690][bookmark: _Ref23947943][bookmark: _Ref32243913]RAN1 Chairman’s Notes of RAN1#105-e.
1. [bookmark: _Ref67590847]R1-2007674, Paging enhancements for idle/inactive mode UE power saving, vivo.
1. [bookmark: _Ref71654719]R1-2105454, Discussion on CSI-RS multiplexing with PDSCH scheduled by PDCCH with CRC scrambled by P-RNTI and SI-RNTI, vivo.
image2.emf
PO/PEI TRS 

for UE-ID#1

PO/PEI

for UE-ID#2

TRS 

ĊĊ

Indicating TRS 

as available

TRS 

available

Indicating TRS 

as available

TRS 

available

TRS 

TRS 

Not available

UE#2 assumes TRS 

NOT Available

ĊĊ

 indication detected 

by UE#2 

UE#1 assumes TRS

Available 

 indication detected 

by UE#1 

UE#2 assumes TRS 

Available 

UE#1 assumes TRS

Available 

TRS 

TRS 

Configured for 

Connected UEs

UE#2 assumes TRS 

NOT Available

UE#1 assumes TRS

NOT Available 


image1.emf
PO/PEI TRS 

time

for UE-ID#1

PO/PEI

for UE-ID#2

TRS 

ĊĊ

for UE-ID#1

TRS 

Application time

Indicating TRS 

not available

TRS 

still available

Indicating TRS 

not available

TRS 

still available

PO/PEI

TRS 

Not available

Availability indication 

take effect

TRS 

TRS 

available

RRC release for 

connected UE with 

shared TRS


Microsoft_Visio_Drawing.vsdx
PO/PEI
TRS
time
for UE-ID#1
PO/PEI
for UE-ID#2
TRS
……
for UE-ID#1
TRS
Application time
Indicating TRS not available
TRS 
still available
Indicating TRS not available
TRS 
still available
PO/PEI
TRS 
Not available
Availability indication take effect
TRS
TRS 
available
RRC release for connected UE with shared TRS




3GPP TSG RAN WG1 


#


10


5


-


e


 


 


R1


-


2


10


4372


 


e


-


Meeting, May 10th 


–


 


27th, 2021


 


 


Source:


 


vivo


 


Title:


 


TRS/CSI


-


RS occasion(s) for idle/inactive UEs


 


Agenda Item:


 


8.7.1.2


 


Document for:


 


Discussion


 


and Decision


 


1.


 


Introduction


 


In 


previous


 


meeting


s


, 


some a


greements are made on TRS/CSI


-


RS for IDLE/inactive UEs


.


 


In this contribution, we 


will discuss 


remaining issues on 


TRS


/


CSI


-


RS for idle and inactive UEs


 


power saving


. 


 


 


2.


 


QCL


 


information


 


for


 


TRS Configuration


 


For 


QCL information of TRS, following agreements are 


made in last meeting.


 


Agreement


:


 


Support higher layer configuration of the QCL information of TRS/CSI


-


RS occasion(s) for idle/inactive UEs.


 


§


 


FFS details of the QCL information, e.g. 


associated SSB index


 


F


or TRS resources configured for RRC connected UEs, 


TRS


 


can be


 


typeC QCLed with 


an SSB, and typeD QCL 


can also be indicated, when applicable, 


provided as follows


.


 


n


 


I


n


 


section


 


5.1.5 


of


 


TS 38.214


 


For a periodic CSI


-


RS resource in an 


NZP


-


CSI


-


RS


-


ResourceSet 


configured with higher layer parameter 


trs


-


Info


, the UE shall expect that a TCI


-


State indicates one of the following quasi co


-


location type(s):


 


-


 


'


t


ypeC' with 


an 


SS/PBCH block


 


and,


 


when applicable,


 


'typeD' 


with 


the same 


SS/PBCH block


, 


or


 


-


 


'


t


ypeC' with 


an 


SS/PBCH block


 


and,


 


when applicable,


 


't


ypeD' with a CSI


-


RS resource in a


n


 


NZP


-


CSI


-


RS


-


ResourceSet


 


configured with higher layer parameter 


repetition


, 


 


Similarly, for TRS 


configured


 


for idle and inactive UEs, the same 


rule can be reused. 


S


ince the TRS 


and SSBs 


can 


be transmitted using different beams


, the QCL information for each TRS resource set can be optionally configured


.


 


The TRS 


configured to idle/inactive UEs are not restricted to be


 


always


 


QCL with


 


an


 


SSB. Otherwise, 


NW 


flexibility 


on providing the TRS resources 


would


 


be limited.


 


Proposal 


1


:


 


TRS resources


 


configured for idle/inactive UEs 


can be type


-


C or type


-


D qualsi


 


co


-


located with SSB, 


and the QCL information of the TRS resource can be optionally configured.


 


3.


 


Availability of TRS for idle/inactive UEs


 


Availability of TRS for idle and inactive UEs are discussed in previous meetings, and following 


agreements


 


are 


made 


[1]


.


 


Working assumption:


 


Support at least L1 based 


signalling


 


for the availability indication of TRS/CSI


-


RS at the configured occasion(s) 


to the idle/inactive UEs.


 


§


 


FFS details, including paging DCI and/or PEI for L1 based 


signalling


 


§


 


FFS SIB


-


based 


signalling


/configuration


 


o


 


Note: It is RAN1 understanding that existing SI update procedure is used for SIB based 


signalling


 


A


ccordingly, we will discuss


 


the


 


detail


ed


 


solutions


 


for


 


the availability indications.


 




3GPP TSG RAN WG1  # 10 5 - e     R1 - 2 10 4372   e - Meeting, May 10th  –   27th, 2021     Source:   vivo   Title:   TRS/CSI - RS occasion(s) for idle/inactive UEs   Agenda Item:   8.7.1.2   Document for:   Discussion   and Decision   1.   Introduction   In  previous   meeting s ,  some a greements are made on TRS/CSI - RS for IDLE/inactive UEs .   In this contribution, we  will discuss  remaining issues on  TRS / CSI - RS for idle and inactive UEs   power saving .      2.   QCL   information   for   TRS Configuration   For  QCL information of TRS, following agreements are  made in last meeting.  

Agreement :   Support higher layer configuration of the QCL information of TRS/CSI - RS occasion(s) for idle/inactive UEs.      FFS details of the QCL information, e.g.  associated SSB index  

F or TRS resources configured for RRC connected UEs,  TRS   can be   typeC QCLed with  an SSB, and typeD QCL  can also be indicated, when applicable,  provided as follows .  

   I n   section   5.1.5  of   TS 38.214   For a periodic CSI - RS resource in an  NZP - CSI - RS - ResourceSet  configured with higher layer parameter  trs - Info , the UE shall expect that a TCI - State indicates one of the following quasi co - location type(s):   -   ' t ypeC' with  an  SS/PBCH block   and,   when applicable,   'typeD'  with  the same  SS/PBCH block ,  or   -   ' t ypeC' with  an  SS/PBCH block   and,   when applicable,   't ypeD' with a CSI - RS resource in a n   NZP - CSI - RS - ResourceSet   configured with higher layer parameter  repetition ,   

Similarly, for TRS  configured   for idle and inactive UEs, the same  rule can be reused.  S ince the TRS  and SSBs  can  be transmitted using different beams , the QCL information for each TRS resource set can be optionally configured .   The TRS  configured to idle/inactive UEs are not restricted to be   always   QCL with   an   SSB. Otherwise,  NW  flexibility  on providing the TRS resources  would   be limited.   Proposal  1 :   TRS resources   configured for idle/inactive UEs  can be type - C or type - D qualsi   co - located with SSB,  and the QCL information of the TRS resource can be optionally configured.   3.   Availability of TRS for idle/inactive UEs   Availability of TRS for idle and inactive UEs are discussed in previous meetings, and following  agreements   are  made  [1] .   Working assumption:   Support at least L1 based  signalling   for the availability indication of TRS/CSI - RS at the configured occasion(s)  to the idle/inactive UEs.      FFS details, including paging DCI and/or PEI for L1 based  signalling      FFS SIB - based  signalling /configuration   o   Note: It is RAN1 understanding that existing SI update procedure is used for SIB based  signalling   A ccordingly, we will discuss   the   detail ed   solutions   for   the availability indications.  

