3GPP TSG RAN WG1 #107bis-e                                                                       R1- 2200150
e-Meeting, January 17th – 25th, 2022 
Source:             CATT
Title:                  Remaining issues of TRS/CSI-RS for paging enhancement
[bookmark: Source]Agenda Item:    8.7.1.2
[bookmark: DocumentFor]Document for:  Discussion and Decision

Introduction
In RAN1#107-e, the following was agreed for UE power saving on configuration of TRS/CSI-RS occasions for idle/inactive UEs[1]. 
 
	Agreement
For the maximum number of TRS resource sets configured by higher layer, X,
· X = 64
FFS: the number of configured TRS resource sets is not larger than the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1.
Agreement
For L1 availability indication using a bitmap, the following is supported:
· Number of bits in the bitmap, N, is up to 6 bits 
· a bit is associated with a group of TRS resource sets. The associated TRS resource sets for each bit can be based on 
· explicit configuration of TRS resource set group, where 
· each TRS resource set is configured with a ID i, with value from {0, …, N-1}, for the association with an indication bit in TRS availability indication field.
· the ith bit maps to all the TRS resource set(s) associated with ID i. 
· start of the bitmap is the first bit of the reserved bits in paging PDCCH 
· Note: It is left to RAN2 decision on whether explicit parameter is used for N or it can be implicitly determined by the TRS resource set configurations.

Agreement
The reference point for start of the validity duration is SFN of the first PF from the current default DRX cycle where UE receives the availability indication
· FFS: Whether the availability indication is transmitted [only once] during the validity duration 
Note: Qualcomm and Huawei have concern on Alt a
Agreement
For the validity duration configured by higher layer at least for paging PDCCH based L1 availability indication, support
· time unit is one default paging cycle,
· applicable values: {1, 2, 4, 8, 16, 32, [64], [128], [256],[512]}
When the validity duration is not configured, UE assumes a default time duration to be 2 default paging cycle(s):

Agreement
Confirm the following working assumption
Working Assumption
· Support paging PDCCH based availability indication of TRS/CSI-RS occasions for idle/inactive UEs.
· Support PEI based availability indication of TRS/CSI-RS occasions for idle/inactive UEs at least if PDCCH-based PEI is down-selected.




This contribution discusses remaining issues of TRS/CSI-RS for paging enhancement. 

Discussion

TRS/CSI-RS availability indication 
L1 Signaling of TRS availability included in the DCI format

Both paging PDCCH and PEI PDCCH (i.e., DCI format 2_7) were agreed in RAN1#107-e to carry L1 signaling for TRS availability indication. In  specification [2], a DCI format 2_7 or paging DCI includes a TRS availability indication field  of a bitmap associated with a group of TRS resource sets.  However, UE capability of supporting PEI (FG29-1) is optional  and  not yet report to the network by IDLE/Inactive UE.   Network could not assume  IDLE UEs supporting PEI.  If network would include TRS availability indication in the PEI for power saving of IDLE/Inactive UE, the TRS availability indication should be included in both DCI format 2_7 and paging DCI.
Proposal 1: The TRS availability indication field should be included in both DCI format 2_7 and paging DCI or paging DCI only.

 Indication content 

One or more paging occasions are configured to associate with each SSB in a multi-beam cell with beam sweeping of DL common channel  as in TS38.304 [3] since network does not know which beam UE is under coverage within a cell for IDLE/Inactive UEs.  In order to achieve UE power saving in a multi-beam cell, one TRS/CSI-RS resource set needs to be configured at each beam. Since TRS/CSI-RS resources are FDM/TDM’d between different beams within a cell, TRS/CSI-RS resources for all beams need to be configured together in the SIB-X with each beam having QCL assumption associated with the SSB ID in a cell. If one beam is NOT and the other beams are configured with TRS/CSI-RS resource, UE would not be able to assume the present of TRS/CSI-RS since UE does not know which beam UE is under coverage (a given SSI ID) after long deep sleep due to UE mobility. Therefore, beam specific availability indication does not work and all TRS/CSI-RS resources within a cell should be configured and available/ unavailable for all beams together. Although it was agreed up to 6 bits of L1 signaling for dynamic TRS availability indication[1], the selected subset of TRS/CSI-RS resources  cannot help UE achieving power saving. Thus, the L1 signaling for dynamic TRS availability indication should be one bit only to indicate all TRS/CSI-RS resources within a cell. UE could not assume any TRS/CSI-RS resource if the availability indication is only indicated the selected TRS/CSI-RS resources within a cell.

Proposal 2: The L1 signaling for dynamic availability indication should be one bit to indicate all TRS/CSI-RS resources within a cell. UE could not assume any TRS/CSI-RS resource if the availability indication is only indicated the selected TRS/CSI-RS resources within a cell.

Based on RAN# 93 guidance, the same design principle should be applied to both paging PDCCH and PEI. The size and content of TRS availability indication field of DCI format 2_7 should be same as that of the paging DCI to avoid inconsistent availability indication for IDLE/Inactive UE since not all UEs would support DCI format 2_7.

Proposal 3: The size and content of TRS availability indication field of DCI format 2_7 should be same as that of the paging DCI.

 Validity duration 

In RAN1#107-e, validity duration and corresponding reference point of paging PDCCH based availability indication of TRS/CSI-RS were agreed. 
	Agreement
The reference point for start of the validity duration is SFN of the first PF from the current default DRX cycle where UE receives the availability indication
· FFS: Whether the availability indication is transmitted [only once] during the validity duration
Agreement
For the validity duration configured by higher layer at least for paging PDCCH based L1 availability indication, support
· time unit is one default paging cycle,
· applicable values: {1, 2, 4, 8, 16, 32, [64], [128], [256],[512]}
· When the validity duration is not configured, UE assumes a default time duration to be 2 default paging cycle(s):



For validity duration length, small applicable values {1, 2, 4, 8, 16, 32} of default DRX cycle were agreed with {[64], [128], [256], [512]} being still FFS. The power saving gain from TRS would require persistent availability and the power saving gain diminishes with small applicable values less than 30 DRX cycles as shown in Figure 1.   Especially, UE would not receive the L1 signaling of dynamic TRS availability indication frequently with average paging rate at 0.1.   There is no ambiguity on SFN for large applicable values {64, 128, 256, 512} since the TRS validity duration is a counter of number of DRX cycles.  Small applicable values might not provide power saving gain for eDRX UEs which are sensitive with power consumption. As shown in Figure 2 with default DRX=32RF and eDRX cycle T>=1024 RF[4], maximum validity duration length for application value 32 is 1024 Radio Frames (32 x 32), which cannot achieve  power saving gain for eDRX UE.  Therefore, the applicable values of{64, 128, 256, 512} should be supported for configuration of validity duration.


[image: ]
[bookmark: _Ref92447941]Figure 1: IDLE/Inactive UE power saving gain from TRS with respect to validity duration




                                                         Figure 2: eDRX with small applicable value of validity duration

Proposal 4: The Applicable values of 64, 128, 256, and 512 should be supported for configuration of validity duration.

Reference point for start of the validity duration is defined as SFN of the first PF from the current default DRX cycle where UE receives the availability indication.   Whether the availability indication is transmitted [only once] during the validity duration is FFS. The FFS is to avoid inconsistent information of the validity duration received by different UEs at different DRX cycles with different starting point.  If the L1 signaling of TRS availability indication is transmitted at each PEI and/or paging DCI, the starting point of the TRS validity duration would be reset.  The validity duration would be a sliding window.  The starting point of the TRS validity duration of the sliding window would be different among UEs since different UEs receive the L1 signaling at different DRX cycles.  If the L1 signaling of TRS availability only includes in the PEI and/or paging DCI in the first DRX cycle of the validity duration and N/A value in the middle of the validity duration,  most of UEs would never be able to use the configured TRS since UE would receive N/A most of time.   If the sliding window of validity duration with different UEs in different starting point needs to be avoided, the scheme that long TRS validity duration with interruption by unavailability indication can be adopted.

If the TRS validity duration is relative long (e.g., 256 DRX cycles), the  sliding window would not be an issue of misalignment of validity duration with UEs having different starting point since TRS would be available most of time,. The long TRS validity duration could also achieve UE power saving gain. gNB can change the status of availability indication from “availability” to “unavailability” flexibly within the validity duration to all UEs by sending a “0“ bit in PEI and/or paging DCI. However, gNB needs to make sure that all UEs would receive the unavailability indication before discontinuing the TRS transmission.  
Short validity duration of TRS (e.g., 2 default DRX cycle) would not provide any UE power saving gain. Inconsistent L1 based indication during the time duration should not be supported for small validity duration length and gNB can address sliding window issue with implementation. 
Proposal 5: Inconsistent L1 based indication during the time duration should not be supported for small validity duration length.
To support L1 based TRS unavailability indication for large validity duration, ambiguous understanding of TRS availability/unavailability between the gNB and UE should be avoided. E.g., as shown in Figure 3, UE1 and UE2 with same paging UE_ID can be configured with DRX1 and DRX2 respectively. gNB change TRS availability indication, i.e., "1" - > "0" in PF “A” during validity duration, and then stops transmitting TRS. UE1 that does not receive unavailability indication will continue to use the TRS, which the end result is using noise to perform channel tracking operation before receiving paging PDCH at PF “B”.  Therefore, gNB should ensure presence of TRS at configured occasion(s) before transmitting unavailability indication to UE during validity duration.



                            Figure 3: Ambiguous understanding of TRS availability/unavailability between the gNB and UE
Proposal 6: The following scheme can be used for support of TRS availability indication in validity duration:
· gNB transmits unavailability indication in validity duration.
· gNB should ensure presence of TRS at configured occasion(s) before transmitting unavailability indication to UE during validity duration.

When availability indication is included in DCI format 2_7, similar to indication content discussed in section 2.1.1.2, PEI based availability indication and should have same reference point and validity duration length with that of its associated paging DCI. 
Proposal 7: PEI based availability indication should have same reference point and validity duration length with that of its associated paging DCI.

  Semi-static TRS availability indication
The working assumption of L1 based availability indication is always enabled based on the configuration was discussed in RAN1#107-e without consensus in confirming working assumption due to the behavior of L1 signaling of dynamic TRS availability indication is not yet stable. When L1 signaling is configured for TRS availability indication, the TRS resource for IDLE/Inactive UEs needs to be clearly available to UE when UE wakes up from deep sleep.  If the TRS availability is not clear to the UE, such as validity duration, UE could not assume TRS available and achieve power saving.   Thus, it would be more efficient to have mechanism controlled by the network to enable/disable the L1 signaling of available indication of the configured TRS/CSI-RS resources for IDLE/Inactive UEs. The most straight forward way of enable/disable the L1 signaling of TRS/CSI-RS availability indication is to include 1 bit enable/disable parameter together with the TRS/CSI-RS resource configuration in SIB-X. If the parameters enable/disable L1 signaling for TRS/CSI-RS resource availability indication is shown “disable” in SIB-X, UE would assume the TRS/CSI-RS resource is available all the time. 
Proposal 8: An 1-bit explicit indication of enable/disable L1 signaling for TRS/CSI-RS availability indication can be configured together with TRS/CSI-RS resource configuration in SIB-X.

The IDLE/Inactive UE power saving gain from TRS/CSI-RS resource would be achieved when TRS/CSI-RS resource is persistently available. The configuration of TRS/CSI-RS resource should be a steady resource configuration to be used by CONNECTED mode UEs for channel tracking and beam management when UE is under the coverage of a given beam. The TRS/CSI-RS resource would be configured persistently as long as there are UEs under the beam coverage.   The same TRS/CSI-RS resource would be used by IDLE/Inactive UEs for channel tracking and achieving UE power saving gain. Thus, the TRS/CSI-RS resource configured for IDLE/Inactive UEs would be persistently present and shared with CONNECTED mode UEs without dynamic ON/OFF. TRS availability should not change frequently by L1 based signaling to achieve the power saving gain. 
Observation 1: TRS availability should not change frequently by L1 based signaling to achieve the power saving gain.
It is no doubt that RS resource would play import part in performing channel tracking or estimation if TRS is persistently or semi-persistently available. There are at least following problems for L1 based availability indication. L1 based signalling cannot provide persistent availability indication in the practical system. Since PEI/paging DCI would only transmit when there is a paging within the associated paging occasions, the L1 based indication of TRS resource set usually is sparse to a given IDLE/Inactive UE, which cannot provide good power saving gain for UE. When more than one bit is used for L1 based availability indication, UE does not know which beam (SSB) is under covered after waking up from deep sleep especially in case of configuration of long validity duration for L1 based availability indication, which will have a significant impact on  performance of paging reception, network energy saving and system overhead.  TRS assisted UE power saving is important for RedCap UEs configured with eDRX.  However, the current L1 based availability indication mechanism cannot provide TRS for IDLE UE with eDRX> 8 or [128] hyper frames (32*256=8 HFs, [512]*256rf=128HFs). Finally, the inherent miss detection issue of L1 based availability indication will create misalignment between gNB and UE’s understandings on the availability of TRS/CSI-RS.
Observation 2: There are at least following problems for L1 based availability indication.
· It is difficult to provide persistent availability indication in the practical system for L1 signalling.
· UE does not know which beam (SSB) is under covered after waking up from deep sleep, which will have a significant impact on  performance of paging reception, network energy saving and system overhead.
· Current L1 based availability indication mechanism cannot provide temporary TRS for IDLE UE with eDRX> 8 or [128] hyper frames.
· The inherent miss detection issue of L1 based availability indication will create misalignment between gNB and UE’s understandings on the availability of TRS/CSI-RS.

SIB based TRS availability indication can provide UE good power saving gain in the scenario of presence of persistent TRS. The common understanding of SIB based signaling is that existing SI update procedure is used for SIB based signaling. The SIB-based signaling for TRS/CSI-RS availability indication is based on the presence/absence of the SIB-X when UE retrieve the system information.  Once the configuration of the TRS/CSI-RS occasion is retrieved by IDLE/Inactive UEs in a given cells, UE would assume TRS/CSI-RS resource would be available persistently until UE is indicated by the SI update, which the SIB-X is not present in the system information. Compared with L1 signaling mechanism, SIB based availability indication of TRS/CSI-RS at the configured occasion(s) for IDLE/Inactive mode UE can provide affirmative resource availability.  In addition, the configuration of the L1 signaling for TRS/CSI-RS availability indication in the DCI (PEI and/or paging DCI) needs to be included in SIB-X.   If IDLE/Inactive UE needs to decode the SIB-X to get the configuration and TRS/CSI-RS resource information and L1 signaling configuration if it is present, UE could use the TRS/CSI-RS resource before PO without any additional overhead.  If UE moves to a new cell, UE would read SIB-X to retrieve the information of TRS/CSI-RS resource of new cell and L1 signaling configuration for TRS/CSI-RS availability indication. If SIB-X present at the new cell, UE could assume TRS/CSI-RS is available all the time. If gNB decides not to transmit the TRS/CSI-RS for IDLE/Inactive UEs, gNB can send the paging indication to the specific cell only for system information change on the TRS/CSI-RS availability.  There is no additional overhead.  

Observation 3: Compared with L1 signaling, SIB based availability indication of TRS/CSI-RS at a given cell for IDLE/Inactive mode UE can provide affirmative TRS/CSI-RS resource availability to achieve UE power saving gain and no additional signaling overhead.
The configuration of TRS/CSI-RS resource is included in SIB-X.  If SIB-X of TRS/CSI-RS for IDLE/Inactive UEs is present, UE should assume TRS/CSI-RS is available for IDLE/Inactive mode UE in the serving cell.  Procedure of SIB based availability indication of TRS/CSI-RS is as follows.
· TRS/CSI-RS resource is configured by SIB-X 
· If SIB-X is present, 
· IDLE/Inactive UE would assume the present of TRS/CSI-RS resources for the subsequent paging occasions 
· UE would assume the TRS/CSI-RS based on the location of TRS/CSI-RS resource for AGC tuning, channel tracking and RSRP measurements 
· For explicitly indication of radio frame and the associated offset, TRS/CSI-RS location is included in the SIB-X for all UEs.  
· For implicitly indication for each UE, TRS/CSI-RS location is derived based on UE ID, SFN, and PF_offset in a formula similar to the PO formula 
· Otherwise 
· IDLE/Inactive UE would assume TRS/CSI-RS resources are not available.

Proposal 9: The availability of TRS/CSI-RS at a given cell should be indicated to the UE by SIB-based signaling, which is indicated by the presence/absence of SIB-X.

 TRS/CSI-RS configuration 
Higher layer signaling 

The legacy TRS/CRS-RS resource/resource set configuration based on RRC signaling for RRC_CONNECTED mode UE can be considered as the framework of signaling in the SIB design  for the configuration of TRS/CSI-RS occasion(s) for RRC IDLE/Inactive mode UE(s). Although only essential parameters were agreed to support TRS resources configuration in the RAN1#105e, roughly 7~10 bytes are required for each NZP-CSI-RS Resource configuration. Considering that one TRS Resource set contains 4 NZP-CSI-RS Resources per beam for FR1, the required signaling overhead for maximum 64 beams is significantly higher than the maximum size of SIB1 or SI message of 2976 bits as specified in TS38.331 [5]. Therefore, TRS/CRS-RS resource/resource set configuration should meet the requirement of SIB message size limit.    
Proposal 10: TRS/CRS-RS resource/resource set configuration should meet the requirement of SIB message size limit.

Until RAN1#107-e, detailed TRS resources configuration parameters and corresponding configuration structure for TRS occasion(s) are summarized in Table 1.

Table 1: TRS resources configuration parameters 
	Index

	Configuration parameters description
	Required bits
	Configuration structure   

	1
	powerControlOffsetSS: {-3, 0, 3, 6}dB
	2
	Common for TRS resources set

	2
	ScramblingID: 0 to 1023 
	10
	FFS

	3
	firstOFDMSymbolInTimeDomain: 0 to 9
	4
	Common for TRS resources set

	4
	startingRB: 0 to 274
	9
	Common for TRS resources set

	5
	nrofRBs: 24 to 276
	9
	

	6
	periodicityAndOffset: {10, 20, 40, 80} ms

	12

	Common for TRS resources set

	7
	frequencyDomainAllocation for row1 with applicable values from {0, 1, 2, 3} to indicate the offset of the first RE to RE#0 in a RB

	4
	Common for TRS resources set

	8
	QCL reference: a SSB index

	6
	Common for TRS resources set

	9
	Validity duration
	3-4
	

	10
	TRS resource set group ID
	3
	

	11
	FFS
· Slot number  
	
FFS
	




Whether scrambling ID per resource/ number of slots is a common parameter for TRS resource set is still FFS. From UE power saving perspective, TRS/CSI-RS resource needs to be configured at each beam corresponding to QCL reference of paging occasions. TRS resources configuration scheme should have ability to support multi-beam operation with up to 64 beams. If scrambling ID is a TRS resource specific parameter, 40*64=2560 bits will be required for configuration of TRS Resource sets contains 4 NZP-CSI-RS Resources supporting maximum 64 beams. Therefore, scrambling ID should be configured based on per TRS resource set to meet the requirement of SIB message size limit. With respect to number of slot, the connected UE may be configured with four periodic NZP CSI-RS resources in two consecutive slots for frequency range 1 and two periodic CSI-RS resources in one slot or four periodic NZP CSI-RS resources in two consecutive slots for frequency range 2, as specified in TS38.214 [6]. Then, we propose to use predefined rule to determine number of slot of a TRS resource set, i.e., slot number=2 for FR1 and slot number=1 for FR2. 

Proposal 11: Scrambling ID should be common parameters of the TRS resource set to meet the requirement of SIB message size limit. 
Proposal 12: Slot number of the TRS resource set should be indicated implicitly, i.e., slot number=2 for FR1 and slot number=1 for FR2.

To reduce SIB singling overhead further, the following TRS resource set configuration parameters: startingRB, nrofRBs, periodicity, validity duration and TRS resource set group ID could be common for all the TRS resources sets. 
Proposal 13: The following TRS resource set configuration parameters: startingRB, nrofRBs, periodicity and validity duration and TRS resource set group ID could be common for all the TRS resources sets.

TRS/CSI-RS resource configuration in Time domain  

Two candidates can be utilized to configure TRS/CRS-RS occasions for paging reception using SIB.
· Option1: TRS/CSI-RS resources are configured with SI without association relation with paging occasion(s)
· Option 2:TRS/CSI-RS resources  are associated with the paging occasion(s) 

For option1, if one or multiple TRS/CSI-RS resources/ resource sets can be configured with SIB signaling which TRS/CSI-RS resource configuration usually at least contains the parameters of TRS/CSI-RS pattern, resource mapping, gold sequence scrambling ID, multi-beam QCL information and other information. The payload size of TRS/CSI-RS resource configuration is still not small as shown in Table 1. gNB can configure the TRS/CSI-RS resource set for the CONNECTED mode UE to the IDLE/inactive UEs. Once such TRS/CSI-RS resource set is no longer used by CONNECTED mode UE, gNB needs to reconfigure TRS/CSI-RS resource using update of the system information by paging all IDLE/Inactive mode UEs. UE will read system information block update to acquire new TRS/CSI-RS resource configuration information which will reduce power saving gain of TRS/CSI-RS occasion(s).  Furthermore, when TRS occasion(s) are configured without association to the PO(s), e.g., TRS/CSI-RS can be configured far behind PO boundary, UE could not use such TRS/CSI-RS configuration for channel tracking which will degrade UE power saving gain significantly.  

Observation 4: When CSI-RS resources are configured by SI without association with the paging occasion(s), UE might not use the TRS for channel tracking to achieve the UE power saving gain.    
  
For option2, the TRS/CSI-RS resources are configured and associated with the SSB/paging occasion. As shown in Figure 4, the TRS/CSI-RS could be configured within a window period before paging occasion, which is similar to PS_offset configured for UE to decode DCI format 2_6. TRS/CSI-RS occasion could be configured within the dedicated gap between SSB and paging occasion. The configuration of TRS/CSI-RS resource grid for IDLE/Inactive UEs in SIB-X could be simplified with reduced signaling overhead.  
For TRS/CSI-RS resource used by CONNECTED mode UE, it is the choice of the network implementation to configure such TRS/CSI-RS resource used for both IDLE and CONNECTED mode UE. Since UE starts with IDLE mode first, a specific configuration of TRS/CSI-RS could help IDLE mode UE to reduce the power consumption. Once UE enters CONNECTED mode, gNB could configure the CONNECTED mode UE with the TRS/CSI-RS resource bundled with SSB/paging occasion which is configured for IDLE mode UE. It implies that a set of TRS/CSI-RS resource are transmitted for IDLE mode UEs and could be used by CONNECTED mode UEs. Considering that option 2 has lower specification efforts and higher UE power saving gain that option 1, TRS/CSI-RS configuration for Idle/Inactive mode should be associated with SSB/paging occasion(s).



Figure 4: TRS/CSI-RS occasion is associated with PO/SSB

Observation 5: gNB could configure the CONNECTED mode UE with the TRS/CSI-RS resource bundled with SSB/paging occasion which is configured for IDLE mode UE.
Proposal 14: TRS/CSI-RS configuration for Idle/Inactive mode should be associated with SSB/paging occasion(s) to achieve good power saving gain with low SIB signaling overhead.

TRS/CSI-RS occasion(s) configuration procedure
It was agreed in RAN1#102-e [7] that TRS/CSI-RS occasion(s) corresponding to periodic TRS is supported. If TRS/CSI-RS resources associated with the paging occasion(s), an example of periodic TRS/CSI-RS configuration procedure is shown as follows,
Periodic TRS/CSI-RS occasion(s) configuration procedure:
[bookmark: _Hlk83851847]Step1) Configured parameters of TRS/CSI-RS resource from the resourceMapping and periodicityAndOffset of nzp-CSI-RS-Resource set
Step 2) SIB indicates parameters details, including
· QCL assumption of the configured TRS/CSI-RS resources associated with a SSB
· TRS resource set group ID
[bookmark: _Hlk83851866]Step 3) TRS occasion(s) after the SSB is obtained based on the configured TRS/CSI-RS resource grid and periodicity in step1 and step 2   
The following two alternatives can be considered to support periodic TRS/CSI-RS configuration.
· Alt. 1: TRS/CSI-RS occasion(s) corresponding to single periodic TRS CSI-RS resource/ resource set 
According to TS 38.304 [3], SFN for the Paging Frame (PF) is determined by paging cycle T and total paging frames number N={T, T/2, T/4, T/8, T/16} in T configured by NAS control signaling [8], where N is the function of T. PF frames corresponding to UEs configured with different paging cycles can be aligned in time domain as shown in Figure 5. Similar to derivation of SFN for the PF, gNB can configure TRS_offset including in the SIB X configured for TRS/CSI-RS resources UE can derive the radio frame for TRS/CSI-RS occasion using the following formula
(SFN + PF_offset + TRS_offset) mod T = (T / N)*(UE_ID mod N)


Figure 5: TRS/CSI-RS occasion(s) corresponding to single periodic TRS/CSI-RS resource/ resource set

· Alt. 2: TRS/CSI-RS occasion(s) corresponding to multiple periodic TRS CSI-RS resources/ resource sets
gNB also can configure multiple periodic TRS/CSI-RS resources/ resource sets to associate with the paging occasion(s). As shown in Figure 6, gNB can configure Ns TRS_offset for each TRS/CSI-RS resource corresponding to one PO of target paging frame, where Ns is the number of paging occasions in a  PF. From gNB perspective, TRS/CSI-RS occasion(s) correspond to multiple periodic TRS/CSI-RS resources/ resource sets, which provides more flexibility in configuration than that of Alt. 1. 


Figure 6: TRS/CSI-RS occasion(s) corresponding to multiple periodic TRS CSI-RS resources/ resource sets

Proposal 15: The following procedure can be used for TRS/CSI-RS occasion(s) configuration:
Step1) Configured parameters of TRS/CSI-RS resource from the resourceMapping and periodicityAndOffset of nzp-CSI-RS-Resource set
Step 2) SIB indicates parameters details, including
· QCL assumption of the configured TRS/CSI-RS resources associated with a SSB
· TRS resource set group ID
Step 3) TRS occasion(s) after the SSB is obtained based on the configured TRS/CSI-RS resource grid and periodicity in step1 and step 2   

Conclusion 
In this contribution, configuration of TRS/CSI-RS for paging enhancement is discussed.  We have the following observations and proposals:
Proposal 1: The TRS availability indication field should be included in both DCI format 2_7 and paging DCI or paging DCI only.
Proposal 2: The availability indication should be one bit to indicate all TRS/CSI-RS resources within a cell. UE could not assume any TRS/CSI-RS resource if the availability indication is only indicated the selected TRS/CSI-RS resources within a cell.
Proposal 3: The size and content of TRS availability indication field of DCI format 2_7 should be same as that of the paging DCI.
Proposal 4: The Applicable values of 64, 128, 256, and 512 should be supported for configuration of validity duration.
Proposal 5: Inconsistent L1 based indication during the time duration should not be supported for small validity duration length.
Proposal 6: The following scheme can be used for support of TRS availability indication in validity duration:
· gNB transmits unavailability indication in validity duration.
· gNB should ensure presence of TRS at configured occasion(s) before transmitting unavailability indication to UE during validity duration.
Proposal 7: PEI based availability indication should have same reference point and validity duration length with that of its associated paging DCI.
Proposal 8: An 1-bit explicit indication of enable/disable L1 signaling for TRS/CSI-RS availability indication can be configured together with TRS/CSI-RS resource configuration in SIB-X
Observation 1: TRS availability should not change frequently by L1 based signaling to achieve the power saving gain.
Observation 2: There are at least following problems for L1 based availability indication.
· It is difficult to provide persistent availability indication in the practical system for L1 signalling.
· UE does not know which beam (SSB) is under covered after waking up from deep sleep, which will have a significant impact on  performance of paging reception, network energy saving and system overhead.
· Current L1 based availability indication mechanism cannot provide temporary TRS for IDLE UE with eDRX> 8 or [128] hyper frames.
· The inherent miss detection issue of L1 based availability indication will create misalignment between gNB and UE’s understandings on the availability of TRS/CSI-R

Observation 3: Compared with L1 signaling, SIB based availability indication of TRS/CSI-RS at a given cell for IDLE/Inactive mode UE can provide affirmative TRS/CSI-RS resource availability to achieve UE power saving gain and no additional signaling overhead.
[bookmark: _GoBack]
Proposal 9: The availability of TRS/CSI-RS at a given cell should be indicated to the UE by SIB-based signaling, which is indicated by the presence/absence of SIB-X.

Proposal 10: TRS/CRS-RS resource/resource set configuration should meet the requirement of SIB message size limit.
Proposal 11: Scrambling ID and TRS resource set ID should be common parameters of the TRS resource set to meet the requirement of SIB message size limit. 

Proposal 12: Slot number of the TRS resource set should be indicated implicitly, i.e., slot number=2 for FR1 and slot number=1 for FR2.
Proposal 13: The following TRS resource set configuration parameters: startingRB, nrofRBs, periodicity and validity duration and TRS resource set group ID could be common for all the TRS resources sets.
Observation 4: When CSI-RS resources are configured by SI without association with the paging occasion(s), UE might not use the TRS for channel tracking to achieve the UE power saving gain.    
Observation 5: gNB could configure the CONNECTED mode UE with the TRS/CSI-RS resource bundled with SSB/paging occasion which is configured for IDLE mode UE.
Proposal 14: TRS/CSI-RS configuration for Idle/Inactive mode should be associated with SSB/paging occasion(s) to achieve good power saving gain with low SIB signaling overhead.
Proposal 15: The following procedure can be used for TRS/CSI-RS occasion(s) configuration:
Step1) Configured parameters of TRS/CSI-RS resource from the resourceMapping and periodicityAndOffset of nzp-CSI-RS-Resource set
Step 2) SIB indicates parameters details, including
· QCL assumption of the configured TRS/CSI-RS resources associated with a SSB
· TRS resource set group ID
Step 3) TRS occasion(s) after the SSB is obtained based on the configured TRS/CSI-RS resource grid and periodicity in step1 and step 2   
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