3GPP TSG RAN WG1 #103-e                                                                          R1- 2007868
e-Meeting, October 26th –November 13th, 2020 
Source:             CATT
Title:                  Configuration 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#102, the following was agreed for UE power saving on configuration of TRS/CSI-RS occasions for idle/inactive UEs [1]. 

Agreements:
· New types/patterns of TRS/CSI-RS are not introduced specifically for idle/inactive mode UE.
Agreements:
The TRS/CSI-RS occasion(s) that may be for connected mode UEs can be shared to idle/inactive mode UEs. 
-  Note: It is understood that gNB can potentially share the occasions to idle/inactive (which would just mean it up to NW whether to share or not share).
-  Note: It is understood that TRS/CSI-RS in the TRS/CSI-RS occasion(s) may or may not be transmitted.
-  Note: Always-on TRS/CSI-RS transmission by gNodeB is not required
-  At least TRS/CSI-RS occasion(s) corresponding to periodic TRS is supported 
- FFS for other RS types
-  FFS: Whether UE blind detection is required or not.
Agreements:
Idle/inactive UE may use the TRS/CSI-RS occasion(s) that are shared to it for functionalities such as: 
-           AGC, time/frequency tracking
-           FFS: RRM measurement for serving cell, RRM measurement for neighbor cell, paging reception indication
Agreements:
The configuration of TRS/CSI-RS occasion(s) for idle/inactive mode UE(s) is provided by higher layer signalling
-           FFS higher layer signalling candidates (e.g., SIB, dedicated RRC, RRC release message, etc.)
-           FFS for other signalling candidates (e.g., pre-configuration, etc.)
-           FFS for detailed configuration parameters (e.g., whether and how to reduce the signalling overhead for configuration, etc.)
Agreements:
Further study whether and how to inform the availability of TRS/CSI-RS to idle/inactive mode UE (implicitly or explicitly).
- Note: Availability corresponds to the information for whether TRS/CSI-RS is actually transmitted or not.
In this contribution, it discussed TRS/CRS configuration details for paging enhancement for RRC-Idle/Inactive mode. 

Discussion

Additional TRS/CSI-RS for paging reception

RRC Idle/Inactive-mode UE monitors paging occasion per paging cycle for reception of paging scheduling information and potential system information update indication. As no CRS-like always-on signal in NR system, RRC Idle/Inactive-mode UE receivers usually need several SSBs  to perform AGC and channel tracking before decoding paging DCI. The number of SSB bursts required for channel tracking depends on the SINR of UE decoding SSB signals.  UE does not know its received SINR after a long sleep before the paging occasion.  With default SSB cycle=20ms, UE has  to wake up several SSBs  before paging reception in preparation of paging detection and decoding, which cause UE power consumption. Additional temporary TRS/CSI-RS is the candidate for  RRC Idle/Inactive-mode UE to reduce the UE power consumption in channel tracking and measurements. Considering the characteristic of TRS/CSI-RS, in addition to supporting AGC, time/frequency tracking operations, the following functions could be optional:

· RRM measurement;
· As power saving signal for UE paging  early indication 
· 
For RRM measurement, temporary TRS/CSI-RS could be used along with SSB for RRM measurement. TRS/CSI-RS could play a role as the power saving signal to indicate whether UE would have paging reception at the current paging occasion, which is discussed in agenda 8.7.1.1.

Evaluation of power saving gain 
 
Additional temporary TRS/CSI-RS can reduce the number of SSBss required by UE for preparation of PDCCH decoding at paging occasion and delay the wake up time. The additional TRS/CSI-RS might provide RRC Idle/Inactive-mode UE potential power saving gain and even better detection performance. Corresponding power saving gain from additional RS should be evaluated for proper design of additional TRS/CSI-RS scheme. UE can not perform AGC, channel tracking, and channel estimation with 1 SSB even when the received SINR of the SSB is high because UE is out-of-sync and frequency drift with free running mode oscillator after a long deep sleep. Reception of three SSB  should be set  as the baseline of the power saving gain evaluation of additional TRS/CSI-RS.
 As shown in Figure 1, the baseline is that three SSB bursts are required to receive before per paging reception. After the 3rd SSB is received, UE can perform accurate AGC, channel estimation and frequency/time offset estimation with accurate sampling time from local timing reference, which the frequency drift is calibrated with the received signals from first 2 SSBs.   The additional TRS/CSI-RS is allocated after 3rd SSB and incoming paging occasion.

 
Figure 1:  Addition TRS/CSI-RS for RRC Idle/inactive mode
Power saving gain from additional TRS/CSI-RS is evaluated with different paging cycle and with RMM measurement and more details on simulation assumptions can be found in our contribution [2].


 (a) Two SSB bursts as baseline

(b) Three SSB bursts as baseline
Figure 2:  Addition TRS/CSI-RS for RRC Idle/inactive mode

As shown in Figure 2 with group paging rate 0.1, it is observed that TRS assisted paging reception could provide 7.14%~18.61% power saving gain compared with two SSB bursts as baseline,  and 15.87%~35.14% power saving gain compared with three SSB bursts as baseline with paging cycle=32, 64, 128, 256 radio frames. Reduction of light sleep and transition power among neighbor SSB burst sets contribute main power saving gain of TRS/CSI-RS assisted paging reception. 
Observation 1: Additional TRS/CSI-RS can provide 7.14% ~35.14% power saving gain over SSB based paging reception.

Potential TRS/CRS occasion(s) for paging enhancement

For RRC_CONNECTED mode, CSI-RS is an UE-specific configuration. TRS/CSI-RS resource sets are configured through RRC signaling for UE performing channel tracking, beam management, channel state measurements, RMM measurement and other operations.  To provide additional TRS/CSI-RS resources for energy reduction before paging reception, the following aspects need to be considered for RRC Idle/Inactive mode UEs. 
· As dedicated RRC signaling could not be configured for UE in RRC_IDLE/Inactive mode, how to configure the   TRS/CRI-RS occasion to the UE?
· Considering that gNB cannot know which cell RRC_IDLE/Inactive mode UE will anchor, how to reduce system overhead for the indication of TRS/CSI-RS in the paging strategy?
· When TRS/CSI-RS is temporary, what is the trigger event?

Three candidates can be utilized to configure TRS/CRS occasions for paging reception.
· Option1: Dedicated RRC signalling
· Option2: Broadcast RRC signalling, e.g., SI
· Option 3:TRS/CSI-RS resources  are associated with the paging occasion(s) 

For option1, gNB can use dedicated RRC signalling, e.g., RRC release message to configure TRS/CSI-RS occasion and the UE can reuse such resource in idle/inactive mode. However, TRS/CSI-RS occasion configured by dedicated RRC signaling cannot be used after cell reselection which cannot provide the flexibility of configuration of TRS/CSI-RS resource across different cells for idle/inactive mode UE. Even if UE still anchors the cell where dedicated RRC signaling is initially received, the reception of three SSBs is always or frequently needed before paging occasion(s) for channel tracking, as gNB might not continue use previous resource for TRS/CSI-RS transmission. Therefore, TRS/CRS occasions configured by dedicated RRC signaling cannot provide significant power saving gain. 

Observation 2: TRS/CSI-RS occasions configured by dedicated RRC signaling cannot be used after cell reselection, and cannot provide significant power saving gain.

For option2, TRS/CSI-RS resources for RRC_IDLE/Inactive UE could be configured and indicated in the system information, which is the most straightforward approach. One or multiple TRS/CSI-RS resources can be configured with SIB singling and TRS/CSI-RS resource configuration usually at least contains CSI-RS pattern /gold sequence scrambling ID/ QCL information. gNB can share the TRS/CSI-RS occasions intended for connected mode UE to idle/inactive. Once such TRS/CSI-RS resource is no longer used by CONNECTED mode UE, gNB needs reconfigure TRS/CSI-RS resource using system information otherwise no more power saving gain is achieved for idle/inactive mode UE. UE will read system information block update to acquire new TRS/CSI-RS resource configuration information. In general, the TRS/CSI-RS would be configured for all UEs to minimize the overhead in a cell even they are UE-specifically configured. As TRS/CSI-RS resource configuration usually changes infrequently for CONNECTED mode UEs since it is shared by multiple UEs in the cells, the same TRS resource could be shared to IDLE mode UEs.   From the other angle, the TRS/CSI-RS resource configured for IDLE mode UE for power saving purpose could be used by CONNECTED mode UEs.   

Observation 3: With CSI-RS resources configured with SI, TRS/CSI-RS resource configuration usually at least contain CSI-RS pattern / scrambling ID/ QCL information. 

[bookmark: _Hlk54273431]Observation 4:  The TRS/CSI-RS resources configured for CONNECTED mode UEs can be shared by IDLE mode UE.  The TRS/CSI-RS resource can be indicated by SI.

For option3, the potential TRS/CSI-RS resources are configured and associated with the SSB/paging occasion. As shown in Figure 3, similar to PS_offset configured for UE to decode DCI format 2_6, TRS/CSI-RS occasion could be configured with dedicated gap between TRS/CSI-RS occasion and paging occasion. As most of TRS/CSI resource configuration could be specified in the physical layer specifications, TRS/CSI-RS resource configuration signaling overhead is very low.  UE would not need to frequently receive the system information update caused by TRS/CSI-RS resources changes, which can provide significant power saving.
For TRS/CSI-RS resource used by CONNECTED mode UE, it is 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 always transmitted for IDLE mode UEs and could be used by CONNECTED mode UEs.  Furthermore, considering that the paging indication (sequence or DCI based) would be transmitted on every paging cycle and TRS/CSI-RS in the TRS/CSI-RS occasion(s) may or may not be transmitted, TRS/CSI-RS bundled with SSB/paging occasion should not consider as always on signal. 



Figure 3: TRS/CSI-RS occasion is associated with PO/SSB

Both system information and TRS/CSI-RS occasion associated with SSB/paging occasion can be considered as TRS/CSI-RS resources configuration approach candidates. However, as option 3 has lower specification efforts and higher UE power saving gain that option 2, TRS/CSI-RS configuration for Idle/Inactive mode should be associated with SSB/paging occasion(s).

Observation 5: With TRS/CSI-RS occasion associated with SSB/paging occasion, it will provide significant power saving gain at cost of low configuration signaling overhead and low specification efforts.
Observation 6: 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.
Observation 7: Considering that the paging indication (sequence or DCI based) would be transmitted on every paging cycle, TRS/CSI-RS bundled with SSB/paging occasion should not consider as always on signal. 
Proposal 1: TRS/CSI-RS configuration for Idle/Inactive mode should be associated with SSB/paging occasion(s). 

Conclusion 
In this contribution, configuration of TRS/CSI-RS for paging enhancement is discussed.  We have the following observations and proposals, 
Observation 1: Additional TRS/CSI-RS can provide 7.14% ~35.14% power saving gain over SSB based paging reception.
Observation 2: TRS/CSI-RS occasions configured by dedicated RRC signaling cannot be used after cell reselection, and cannot provide significant power saving gain.
Observation 3: With CSI-RS resources configured with SI, TRS/CSI-RS resource configuration usually at least contain CSI-RS pattern / scrambling ID/ QCL information. 
Observation 4:  The TRS/CSI-RS resources configured for CONNECTED mode UEs can be shared by IDLE mode UE.  The TRS/CSI-RS resource can be indicated by SI.
[bookmark: _GoBack]Observation 5: With TRS/CSI-RS occasion associated with SSB/paging occasion, it will provide significant power saving gain at cost of low configuration signaling overhead and low specification efforts.
Observation 6: 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.
Observation 7: Considering that the paging indication (sequence or DCI based) would be transmitted on every paging cycle, TRS/CSI-RS bundled with SSB/paging occasion should not consider as always on signal. 
Proposal 1: TRS/CSI-RS configuration for Idle/Inactive mode should be associated with SSB/paging occasion(s).
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