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1. [bookmark: _Ref298777854]Introduction
In the 3GPP TSG RAN#86 meeting, a new WID on power saving enhancement was approved [1]. One of the objectives is shown below:
	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



In the RAN1#103e meeting [2], the following agreements related to potential TRS/CSI-RS occasion(s) were made:
Agreements:
· SIB signalling provides the configuration of TRS/CSI-RS occasion(s) for idle/inactive UE(s).
· Up to RAN2 to decide which SIB is to be used.
· Whether or not to additionally support other high-layer signalling methods (e.g., dedicated RRC, RRC release message, etc.) is up to RAN2
Send an LS to RAN2 informing the above agreements, and
· To further add that RAN1 is working on the detailed physical layer design 
Draft LS is endorsed, with final LS in R1-2009791.

Agreements:
· Aperiodic TRS and semi-persistent/aperiodic CSI-RS are not used as TRS/CSI-RS occasion(s) for idle/inactive UEs.

[bookmark: _Hlk56167136]Agreements:
· Discuss further based on the following alternatives and down-select at RAN1#104-e:
· Alt 1: The availability of TRS/CSI-RS at the configured occasion(s) is NOT informed to the UE.
· Alt 2: The availability of TRS/CSI-RS at the configured occasion(s) is informed to the UE.
· Alt 3. The conditional availability of TRS/CSI-RS at the configured occasion(s) is informed to the UE.
·  The condition can be, e.g., existence of paging.
· Alt 4. Combination of the above alternatives.
· FFS for details
· FFS for UE behavior when the availability is not informed.
· Other techniques are not precluded.
· Companies encourage to provide sufficient information for the proposal, e.g.,
· how to achieve power saving gain
· how to minimize impact on NW
how to minimize extra UE implementation complexity
· feasibility check on sharing the TRS/CSI-RS between connected UEs and idle/inactive UEs
· Proposals should be consistent with the WID objective.
Conclusion:
· TRS/CSI-RS based PEI is discussed in AI 8.7.1.1.
· PEI functionality is not further discussed under AI 8.7.1.2.
· Note: This does not prevent to potentially use PEI to carry the indication for TRS/CSI-RS presence.

In this contribution, we discuss aspects related to power saving enhancement for idle/inactive-mode, particularly on the possibility of using TRS/CSI-RS occasion(s) when the UE is in idle/inactive mode.
Discussions

Configuration of Potential TRS/CSI-RS for idle/inactive UEs
The legacy TRS configuration for connected mode UEs is configured via RRC messaging. The TRS configuration contains mandatory fields, such as:
· TCI states configuration where the QCL relation between TRS and SSB is provided.
· CSI-RS configuration where the resource allocation configuration of individual CSI-RS is provided.
· CSI-RS resource-set configuration where the assignment/allocation of CSI-RS as TRS is provided.
There are also optional parameters in the legacy TRS configuration. The details of parameters and the required bits for the above mandatory fields (and excluding optional parameters) are given in Appendix A.
We observed that the estimated minimum configuration size of TRS configuration for each spatial filter is around 27 bytes with the following break-down:
· TCI states: 			4 bytes
· CSI-RS config: 		20 bytes
· CSI-RS Resource set config: 3 bytes
Depending on the SSB configuration, a gNB with 64 SSBs requires a TRS configuration size of 1728 bytes. 
Observation 1: TRS/CSI-RS configuration size with mandatory parameters is relatively large and it can have a size of 1728 bytes.

As agreed in RAN1#103e, TRS/CSI-RS configuration for idle/inactive UEs is at least provided via SIB. Information in SIB should be as compact as possible. Some optional parameters of TRS/CSI-RS may not necessarily be used. We need to discuss and identify the essential parameters of TRS/CSI-RS configuration in SIB. Some of the essential parameters are time/frequency resource parameters, periodicity and offset parameters, QCL parameters, sequence generating parameters, and CSI-pattern.  
Proposal 1: RAN1 needs to identify the list of parameters of TRS/CSI-RS configuration provided via SIB. It should at least contain time/frequency resource parameters, periodicity and offset parameters, QCL parameters, sequence generating parameters, and CSI-pattern. 

According to the WID, idle/inactive mode UEs can re-use TRS/CSI-RS occasion(s) available in connected mode (of other UEs). The TRS/CSI-RS configuration for connected mode UEs is provided via UE specific RRC messaging. Hence, in practice, two or more connected mode UEs can receive different TRS/CSI-RS configurations or basically the gNB transmits multiple TRS/CSI-RS with different configurations. It would be beneficial if idle/inactive mode UE know the existence of the multiple TRS/CSI-RS configurations.

Proposal 2: Support providing multiple TRS/CSI-RS configurations to idle/inactive UEs.

Further consideration related to TRS/CSI-RS configuration is on where to transmit the configuration to the UEs in idle/inactive mode. As discussed above, at least SIB can be used. The legacy SIB structure is divided into two parts, minimum system information (i.e PBCH and SIB1) and Other System Information (OSI). TRS/CSI-RS configuration is considered to be an enhancement feature and the size of the configuration can be relatively large size. Hence, it minimum system information may not be suitable for carrying this configuration information. Another alternative for transmitting the configuration information is the other system information (OSI). A UE that requires OSI can send a request to the gNB and then later the gNB provides it to the UE. This type of mechanism is suitable for a UE that has entered a new cell in idle mode. A UE that was in connected mode (therefore has acquired TRS/CSI-RS for connected mode) may not necessarily acquire the TRS/CSI-RS by requesting OSI containing TRS/CSI-RS configuration. This is particularly the case where the UE in idle mode can continue to use the same TRS/CSI-RS configuration that it had when it was in connected mode. There can be, for example, a flag in a direct RRC or RRC release message indicating that once the UE in idle/inactive mode, the UE can re-use the same TRS/CSI-RS. Here, we basically propose that the TRS/CSI-RS configuration is signaled in a dedicated RRC/RRC release message. This is also described in our companion contribution [4].

Proposal 3: Support TRS/CSI-RS configuration in a dedicated RRC/RRC release message.

Availability Information of Potential TRS/CSI-RS for idle/inactive UEs
In RAN1#102e, the following observation was made in the Chairman’s notes [3]:

	Observation:
It is up to gNB implementation whether or not to transmit a TRS/CSI-RS to idle/inactive UEs even when the TRS/CSI-RS is not needed by connected UEs (e.g., when there is a connected mode UE in a cell but the UE is no longer using the TRS/CSI-RS, or when there is no longer connected mode UE in a cell, etc.)




One aspect related to this observation is on the UE assumption of whether the UE can assume the TRS is (always?) present or not. Considering the transmission of TRS/CSI-RS to idle/inactive UEs is up to gNB implementation, there could be a “mismatch” case where the idle/inactive UEs assume the existence of a TRS/CSI-RS occasion while the gNB has decided to stop the TRS/CSI-RS transmission. One alternative for the UE to properly utilize TRS, is for the UE to detect whether there is a TRS transmitted at the configured occasion or not. This, however, requires the UE to perform blind detection. From the UE point of view and for power saving reasons, a blind detection operation should preferably be avoided or be minimized. Another alternative is to provide availability information to the UE. With this approach, blind detection of TRS/CSI-RS availability is no longer needed. Since from the UE point of view, blind detection operation should be minimized, the second alternative, i.e., signaling of TRS availability information, is preferable from the UE perspective.

Observation 2: From the UE point of view, it is preferred to avoid UE blind detection for TRS/CSI-RS detection

We also need to understand some potential limitations from the network side, for example how often the TRS configuration is potentially changed. Frequent changes in configuration may require a lot of signaling from the gNB to the UEs. In RAN1#103e, we reached an agreement on the possible alternatives for TRS/CSI-RS availability information [2].

We support providing TRS/CSI-RS availability information to the UE while considering network limitation / preference. Providing availability information will avoid the UE to perform blind detection in detecting the presence of TRS/CSI-RS. Hence, the power saving gain by utilizing TRS/CSI-RS in idle/inactive mode can be preserved. 

Proposal 4: Availability information of TRS/CSI-RS at the configured occasion(s) is informed to the UE.

Acquiring TRS availability information by the UE in idle/inactive mode is quite challenging as there is limited possible communication exchange between the UE and gNB. In general, we consider that the availability information can be implicitly or explicitly informed to the UE. In legacy NR operation, the UE can only acquire explicit information from the gNB by receiving system information (SIB) or by paging reception. In order to provide the availability information for idle/inactive UEs, we propose a UE can be explicitly informed via paging DCI. In the legacy NR system, the paging DCI contains a short-message information element that is used to inform the UE when there is a SIB update. This information element is allocated 8 bits of which 6 bits are still reserved bits. The availability information can be explicitly informed via paging DCI using one or some of these reserved bits.
Proposal 5: Availability information of TRS/CSI-RS is signaled in the paging DCI.

In the situation that the network is not heavily loaded in terms of paging, the paging DCI is rarely transmitted by gNB. Hence if the TRS availability status has changed, sending availability information in the paging DCI / paging message will lead to additional signalling for the gNB (in terms of additional paging signaling) in order to provide the availability information to the idle/inactive UEs in a cell. In such a scenario, we propose that availability information can be implicitly informed to the UE. In a situation where the network is heavily loaded and paging signalling is frequently transmitted by gNB then the availability information can be provided explicitly, as proposed above (i.e. the gNB transmits availability information in the legacy paging DCI). Hence, utilizing the reserved bits in the paging DCI does not introduce signalling overhead.
Another example of explicit availability information can be provided by the UE making based on a related parameter. We consider a TRS/CSI-RS conditional paging parameter. For example, if TRS/CSI-RS conditional parameter equals 1 then the UE can always assume the TRS/CSI-RS is available prior to paging reception. This parameter can be embedded in general TRS/CSI-RS configuration.
In a low-loaded network, a UE can be implicitly indicated when TRS/CSI-RS configuration in SIB is transmitted by the gNB. When, the UE managed to acquire SIB containing TRS/CSI-RS then the UE can assume the TRS/CSI-RS is available. A gNB can indicate whether TRS/CSI-RS is no longer available by sending an indication in paging DCI.
Proposal 6: The gNB has flexibility in using a mechanism to provide availability information. 

RAN1 needs to further discuss the definition of availability information. The simplest option is that it only contains information on whether TRS/CSI-RS for idle/inactive UEs is available or not. Hence, it may only require 1 bit (e.g. “1” is available, “0” is not available). Availability information can also be extended by providing information, such as the duration of the availability of the TRS/CSI-RS for idle/inactive UEs. Another possibility is to extend availability information by providing information on which TRS/CSI-RS are currently active. This is particularly applicable to the case where a gNB can possibly transmit multiple TRS/CSI-RS configurations.
Proposal 7: Availability information at least contains an indication of the availability of TRS/CSI-RS for idle/inactive UEs. Further study additional availability information (e.g. availability duration, which active TRS/CSI-RS are currently available).

Conclusion
In this contribution, we discuss power saving enhancement for UEs in IDLE or INACTIVE mode through providing TRS / CSI-RS. Our observations and proposals are listed below:
Observation 1: TRS/CSI-RS configuration size with mandatory parameters is relatively large and it can have a size of 1728 bytes.

Observation 2: From UE point of view, it is preferred to avoid UE blind detection for TRS/CSI-RS detection.

Proposal 1: RAN1 needs to identify the list of parameters of TRS/CSI-RS configuration provided via SIB. It should at least contain time/frequency resource parameters, periodicity and offset parameters, QCL parameters, sequence generating parameters, and CSI-pattern. 

Proposal 2: Support providing multiple TRS/CSI-RS configuration to idle/inactive UEs.

Proposal 3: Support TRS/CSI-RS configuration in a dedicated RRC/RRC release message.

Proposal 4: Availability information of TRS/CSI-RS at the configured occasion(s) is informed to the UE.

Proposal 5: Availability information of TRS/CSI-RS is signaled in the paging DCI.

Proposal 6: The gNB has flexibility in using a mechanism to provide availability information. 

Proposal 7: Availability information at least contains an indication of the availability of TRS/CSI-RS for idle/inactive UEs. Further study additional availability information (e.g. availability duration, which active TRS/CSI-RS are currently available).
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Appendix A

TCI states Configuration:
--------------------------
                    tci-StatesToAddModList 
                    {
			...
                      {
                        tci-StateId [0-127],				(7 bit)
                        qcl-Type1 
                        {
                          bwp-Id [0-3],				(2 bit)
                          referenceSignal csi-rs : [0-255],		(8 bit)
                          qcl-Type [typeA-D] 			(2 bit)
                        },
                        qcl-Type2
                        {
                          bwp-Id [0-3],				(2 bit)
                          referenceSignal csi-rs : [0-255],		(8 bit)
                          qcl-Type [typeA-D]			(2 bit)
                        }
For each beam a TCI state (type1 + type2) ~ 32 bits/beam ~4 bytes/beam:

CSI-RS Configuration:
--------------------------
              csi-MeasConfig setup : 
                {
                  nzp-CSI-RS-ResourceToAddModList 
                  {
                    {
                      nzp-CSI-RS-ResourceId [0-255],				(8 bit)
                      resourceMapping 
                      {
                        frequencyDomainAllocation rowX : [0-15],	(4 bit)
                        nrofPorts [p1-p7],					(3 bit)
                        firstOFDMSymbolInTimeDomain [0-15],			(4 bit)
                        cdm-Type [noCDM, …, cdm8-FD2-TD4],			(2 bit)
                        density three : [NULL,…],				(2 bit)
                        freqBand 
                        {
                          startingRB [0-511],					(9 bit)
                          nrofRBs [0-511]					(9 bit)
                        }
                      },
                      powerControlOffset [0-31],				(5 bit)
                      powerControlOffsetSS [db0,..],				(2 bit)
                      scramblingID [0-1023],					(10 bit)
                      periodicityAndOffset slotsX : [0-16383],		(14 bit)
                      qcl-InfoPeriodicCSI-RS [0-127]				(7 bit)
                    },
                    {
                      nzp-CSI-RS-ResourceId 1,
                      resourceMapping 
                      {
                        frequencyDomainAllocation rowX : '[0-15],
                        nrofPorts [p1-p7],
                        firstOFDMSymbolInTimeDomain [0-15],
                        cdm-Type [noCDM, …, cdm8-FD2-TD4],
                        density three : [NULL,…],
                        freqBand 
                        {
                          startingRB [0-511],
                          nrofRBs [0-511]
                        }
                      },
                      powerControlOffset [0-31],
                      powerControlOffsetSS [db0,..],
                      scramblingID [0-1023],,
                      periodicityAndOffset slotsX : [0-16383],
                      qcl-InfoPeriodicCSI-RS [0-127]
                    },
Note: Each beam has 2 CSI-RS associated: ~ 2 x ( 80 bit) ~ 20 bytes/beam
CSI-RS Resource set Configuration:
--------------------------
                  nzp-CSI-RS-ResourceSetToAddModList 
                  {
                    {
                      nzp-CSI-ResourceSetId [0-63], 		(6 bit)
                      nzp-CSI-RS-Resources
                      {
                        [0-255],				(8 bit)
                        [0-255]				(8 bit)
                      },
                      repetition [off-on],			(1 bit)
                      trs-Info [true-false]			(1 bit)
                    },
Note: Each beam has 1 resource set associating the 2 CSI-RS for the beam: 24 bit/beam ~3bytes/beam
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