
Page 1

[bookmark: _Hlk495298459]3GPP TSG-RAN WG1 #102-e	R1-2006816
e-Meeting, August 17th – August 28th, 2020

Agenda item:	8.7.1.2
Source: 	Qualcomm Incorporated
Title: 	TRS/CSI-RS for idle/inactive UE power saving 
Document for:	Discussion/Decision
Introduction
In RAN meeting #88e, the Rel-17 power saving enhancements WID was updated to the following which includes three major areas for RAN1 [1]:
· Potential paging enhancements
· TRS/CSI-RS occasion(s) for idle/inactive UEs
· Potential extension(s) to Rel-16 DCI-based power saving adaptation during DRX ActiveTime.

	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 #100-2 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
2) Study and specify, if agreed, enhancements on power saving techniques for connected-mode UE, subject to minimized system performance impact [RAN1, RAN4]
a) Study and specify, if agreed, extension(s) to Rel-16 DCI-based power saving adaptation during DRX Active Time for an active BWP, including PDCCH monitoring reduction when C-DRX is configured [RAN1] 
· NOTE: Rel-15 and Rel-16 available power saving solutions should be supported by the UE and included in the evaluation. RAN1 will ask the confirmation from RAN2 that Rel-15 and Rel-16 available power saving solutions are properly utilized.
b) Study the feasibility and performance impact of relaxing UE measurements for RLM and/or BFD, particularly for low mobility UE with short DRX periodicity/cycle, and specify, if agreed, relaxation in the corresponding requirements [RAN4]
· NOTE: Supplementary RAN2 work, if needed, can be triggered by RAN4 LS


In this contribution, we will discuss TRS/CSI-RS for idle/inactive UE power saving enhancements.
TRS/CSI-RS for idle/inactive UEs
With the additional TRS/CSI-RS for idle/inactive UEs, additional power saving gain may come from the reduced number of UE wakeups outside the paging occasion (PO) and reduced amount of hardware to be activated for processing (i.e., PDCCH and PDSCH decoding) each PO. In idle/inactive mode, the main reason for the UE to wake up is to decode SSBs for time, frequency tracking loops and AGC update. In addition, if the SSB is very close to the PO, the UE can wake up once to receive the SSB and continue to process the PO. 
Because the TRS has a smaller number of REs per RB than that of the SSB, the TRS may not always have as many REs as the SSB for example within a bandwidth of 52 RBs. On the other hand, the TRS has a wider time span than the SSB. Then whether the TRS can outperform the SSB depends on whether more processing gain can be achieved from channel frequency diversity and finer (but narrower range) frequency error estimation due to the wider time span. In comparison to PDSCH, there is more flexibility for PDCCH to be more reliably decoded in presence of timing and frequency errors. Therefore, PDSCH benefits more from additional TRS/CSI-RS than PDCCH if TRS/CSI-RS can provide better tracking loop quality than SSBs.
Based on these discussions, we can make the following observations.
[bookmark: o1]Observation 1: Power saving gain of additional TRS/CSI-RS depends on the number of SSBs used for loop update and location of the TRS/CSI-RS relative to the PO.
[bookmark: o2]Observation 2: Whether a TRS/CSI-RS can provide more processing gain than a SSB depends on channel frequency selectivity, bandwidth of the TRS/CSI-RS and frequency drifting rate.
[bookmark: o3]Observation 3: TRS/CSI-RS is especially beneficial for decoding broadcast PDSCH.
TRS/CSI-RS design
With the observation that the UE benefits from the additional TRS/CSI-RS mainly for PDSCH decoding, then, the TRS/CSI-RS is not needed and even the SSB needs not to be processed very frequently if PDSCH is not transmitted. It is reasonable that the UE only needs to assume the TRS/CSI-RS is present for a PO when paging message is transmitted to the UE. 
[bookmark: _Toc47536195][bookmark: p1]Proposal 1: If it is agreed that network configures TRS/CSI-RS for time/frequency tracking and AGC loop update, the UE assumes TRS/CSI-RS is transmitted only when page message is transmitted for the UE. 
[bookmark: _GoBack]As discussed above, it is beneficial to have a TRS/CSI-RS close to or even overlap with the page message. If TRS/CSI-RS is overlapping with the PDSCH, UE can minimize RF on time for processing the signal/channel together. This has distinct power saving advantage as evident from the power model [2]: 
· For non-RRM evaluation, for “PDCCH+PDSCH” concurrent in the same slot as “SSB or CSI-RS processing”, assume “PDCCH+PDSCH” power
· For non-RRM evaluation, for “PDSCH only” concurrent in the same slot as “SSB or CSI-RS processing”, assume “PDSCH only” power 
[bookmark: o4]Observation 4: From power saving perspective, it is preferred to have the TRS overlap with or very close to the PDSCH. 
Because there are generally multiple POs in each paging cycle, it is necessary to have multiple TRS/CSI-RS occasions in each paging cycle to facilitate tracking loop update for UEs associated with different POs. Besides, even for the same PO, configuring multiple TRS/CSI-RSs can provide additional flexibility to network and UE implementation for potential extra power gain.
[bookmark: _Toc47536196][bookmark: p2]Proposal 2: The TRS/CSI-RS can be UE group based for idle/inactive UEs.
	

	TRS not overlapping with PDSCH


	

	Desirably, TRS is located close to the paging PDSCH, TDM or FDM with PDSCH



Cross-slot scheduling is beneficial for idle/inactive power saving. By cross-slot scheduling between the P-RNTI PDCCH and the paging message, the UE only needs to activate necessary hardware for PDCCH decoding but does not need to perform PDSCH sample capturing or warm up other hardware for PDSCH decoding. This can provide additional power saving gain for idle/inactive UEs.
[bookmark: _Toc47536197][bookmark: p3]Proposal 3: Network configures cross-slot scheduling for PDCCH CRC scrambled by P-RNTI for the scheduling of paging PDSCH.
	

	Legacy paging (K0 = 0)


	

	Enhanced paging DCI (K0 > 0), no need to buffer PDSCH samples before PDCCH decoding is finished


The TRS/CSI-RS is intended for tracking loop update for idle/inactive UEs. It is also possible to use this TRS/CSI-RS for RRM measurement. Then the number of wakeups may be further reduced, and additional power saving gain may be achieved.
[bookmark: _Toc47536198][bookmark: p4]Proposal 4: If TRS/CSI-RS is adopted, TRS/CSI-RS can be optionally used for RRM measurement.
TRS/CSI-RS information
If TRS/CSI-RS is adopted, network needs to signal information of the TRS/CSI-RS to idle/inactive UEs. The signaling can be provided by SIB and unused bits in the paging DCI. Some information can also be defined in the specification. In case not all information is provided, the UE can also perform hypothetical detection of the TRS to recover remaining information. A general procedure can be
· Information of a set of candidate TRS/CSI-RSs is pre-configured in SIB or in specifications.
· Network signals TRS/CSI-RS information to idle/inactive UEs in reserved bits of DCI format 1_0 and additionally in short message field if not already used.
· UE may need to do hypothetical demodulation of the TRS to obtain remaining information.
The detailed solution can be discussed in RAN1.
[bookmark: _Toc47536199][bookmark: p5]Proposal 5: If TRS/CSI-RS is adopted, information of TRS/CSI-RS can be provided to idle/inactive UEs by
· Pre-configuration in SIB or specifications
· Unused bits in DCI format 1_0 with CRC scrambled by P-RNTI
· UE hypothetical detection of the other information.
Conclusions
In this paper, we discussed TRS/CSI-RS design and signalling for Rel-17 connected mode power saving. The following observations and proposals are made.
Observation 1: Power saving gain of additional TRS/CSI-RS depends on the number of SSBs used for loop update and location of the TRS/CSI-RS relative to the PO.
Observation 2: Whether a TRS/CSI-RS can provide more processing gain than a SSB depends on channel frequency selectivity, bandwidth of the TRS/CSI-RS and frequency drifting rate.
Observation 3: TRS/CSI-RS is especially beneficial for decoding broadcast PDSCH.
Observation 4: From power saving perspective, it is preferred to have the TRS overlap with or very close to the PDSCH. 

Proposal 1: If it is agreed that network configures TRS/CSI-RS for time/frequency tracking and AGC loop update, the UE assumes TRS/CSI-RS is transmitted only when page message is transmitted for the UE. 
Proposal 2: The TRS/CSI-RS can be UE group based for idle/inactive UEs.
Proposal 3: Network configures cross-slot scheduling for PDCCH CRC scrambled by P-RNTI for the scheduling of paging PDSCH.
Proposal 4: If TRS/CSI-RS is adopted, TRS/CSI-RS can be optionally used for RRM measurement.
Proposal 5: If TRS/CSI-RS is adopted, information of TRS/CSI-RS can be provided to idle/inactive UEs by
· Pre-configuration in SIB or specifications
· Unused bits in DCI format 1_0 with CRC scrambled by P-RNTI
· UE hypothetical detection of the other information.
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