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1. Introduction

During RAN plenary meeting 86, a new SID [2] on UE power saving enhancements was agreed. The WID was further revised [1] during RAN plenary meeting 88e with one of its objectives as following:

1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]

a) Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]

· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #102-e meeting

b) Specify means to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs, minimizing system overhead impact [RAN1]

· NOTE: Always-on TRS/CSI-RS transmission by gNodeB is not required

In this contribution, we discuss methods on how to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs.     
2. Discussion
For a NR UE in RRC idle/inactive-mode, only SS/PBCH block can be used for RRM measurement and time/frequency synchronization (to receive paging). For a UE working within a low SNR range, using one SS/PBCH block sample would be not sufficient for the UE to complete synchronization and RRM measurements and several SS/PBCH blocks would be needed. However, the typical transmission periodicity of SS/PBCH block can be up to 20ms. Therefore, as shown in Figure 1, it would take the UE tens of milliseconds to complete synchronization and RRM measurements. In order to reduce the time spend on synchronization and RRM measurements and save UE’s power consumption, one of the objective of the WID is to specify mechanisms to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs. If the UE can perform RRM measurement and synchronization using TRS/CSI-RS in conjunction with SS/PBCH block, as illustrated in Figure 2, the total time spent would be reduced and UE’s power would be saved. 
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Figure 1 RRM and synchronization with SSBs
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Figure 2 RRM and synchronization with SSBs and CSI-RS
The issue is how to signal potential TRS/CSI-RS occasion(s) available for connected mode UE to idle/inactive-mode UEs. In our views, the potential methods include signaling with system information (e.g., MIB/SIBx)  or with paging. 
Option 1:   Signal TRS/CSI-RS using system information
The configuration of the potential TRS/CSI-RS can be signaled with system information, e.g., SIBx. System information can carry sufficient information bits to convey the configuration information. And all the UE can acquire the configuration by reading system information.    
However, it is noted that potential TRS/CSI-RS is originally intended for RRC connected UEs, when UE’s traffic is completed, the UE would enter RRC idle/inactive states thus the gNB would stop the transmission of the TRS/CSI-RS configured for the UE. Therefore, the TRS/CSI-RS configuration would be time-variant. 

It can be expected that the system information would change time by time to adapt to the change of the transmission of TRS/CSI-RS. The UE would need to re-read the system information once it changes. If the transmission of TRS/CSI-RS changes frequently, which would actually be the typical case, the UE would frequently read the system information. The power saving gain from using TRS/CSI-RS would be counteracted by reading system information.
Option 2:   Signal potential TRS/CSI-RS using paging
Another alternative is to signal TRS/CSI-RS using paging. The UE would read paging periodically and the typical paging cycles are 640ms, 1280ms etc.. Therefore, with paging message the change of the TRS/CSI-RS configuration can be informed to the UE timely. On the other hand, currently, a UE needs to decode PDCCH for paging in each paging periodicity and when there is paging PDSCH to convey paging message, the UE also needs to receive and process paging PDSCH. When paging is used to signal TRS/CSI-RS configuration, the UE needs to read paging message once the configuration changes even when there is no paging for all the UE in the paging occasion (currently in this case, the UE doesn’t need to process paging PDSCH). Therefore, the UE’s power saving gain would be negatively affected. 

Another issue is the system overhead introduced with this method. The gNB have to send the TRS/CSI-RS configuration in every UE’s paging occasion. It is noted that paging occasions are distributed almost in every radio frame. Therefore, the overhead introduced would be significant.
As discussed above and summarized in the following table 1, both options have their Pros and Cons. Therefore, we have the following observation and proposal:
Observation 1: There would be power saving gain loss when using system information to signal TRS/CSI-RS configuration. The overhead is significant when using paging. 
Table 1   Pros and Cons of different signaling methods
	
	Option1 (using system information)
	Option2 (using paging)

	Overhead
	Acceptable, with a proper SIBx periodicity
	significant overhead, since the configuration needs to be informed in all the UE’s paging occasions

	Power saving gain loss
	Large loss since UE needs to update the system information
	Slight loss due to extra paging PDSCH processing when there is no paging message 

	Tracking the change of TRS/CSI-RS
	Timely with small SIBx update periodicity
	Timely with typical paging periodicity


Based on the above discussion, it can be seen that it shall be further studied to optimize the signaling overhead and avoid the power saving gain loss.

3. Conclusions
In this contribution, we discussed methods on how to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs.  We have the following observation and proposal.   
Observation 1: There would be power saving gain loss when using system information to signal TRS/CSI-RS configuration. The overhead is significant when using paging. 
4. Reference
[1] RP-200938  Revised WID UE Power Saving Enhancements for NR
[2] RP-193239  New WID: UE Power Saving Enhancements
PO
PO
SSB
RRM and SYNC with SSBs



PO
PO
SSB
RRM and SYNC with SSBs and CSI-RS
CSI-RS



