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1 Introduction
In RAN1#107 e-meeting [1], the following were agreed:

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 for supporting TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs. 

2 Availability Indication for TRS resources to idle/inactive UEs
2.1 Signaling method

On the signaling methods for availability indication of idle mode TRS resources, we discussed both SIB based and L1 based signaling methods. It was agreed in RAN1#107-e meeting to support both PEI PDCCH and paging PDCCH based L1 based signaling methods. However, there were no consensus for SIB based availability indication. One relevant remaining issue is the following:
· Issue #1-1: Whether to confirm WA on how to enable L1 availability indication
· If not, whether to support SIB based availability indication of TRS resources. 

According to the discussion in RAN1#107-e meeting, the concern to confirm the WA is whether there is a need to support SIB availability indication additionally. In previous meetings, several types of SIB based indication methods have been discussed, e.g. availability indication based on presence/absence of configuration. The majority support SIB based availability indication. For the use case when the availability information doesn’t change before next time gNB has to reconfigure the TRS resources, the availability information can be provided directly based on the presence of TRS resources (re)configuration. From the UE’s perspective, there is no additional UE power consumption to get the SIB based availability indication. The SI update procedure happens only for reconfiguration of TRS resources occasions. From the NW’s perspective, gNB can skip L1 signaling for providing the availability information. 

Given the benefits above, we are open to consider SIB based availability indication. However, due to the time limitation during maintenance phase, we prefer to prioritize other essential issues to complete the feature first. 

Proposal 1: Deprioritize the discussion on SIB based availability indication. 
 
Another issue according to the discussion in previous meetings is the following:
· Issue #1-2: If L1 availability indication is enabled, whether or not it should be provided in both PEI (if configured) and in paging DCI

Since PEI based on DCI format 2_7 is an optional UE feature, gNB has no idea of whether or not an idle mode UE can receive the availability indication via DCI format 2_7. So, gNB needs to transmit the PEI in both DCI format 2_7 and paging DCI if the L1 based availability indication is enabled. UE is not required to receive both DCI format 2_7 and paging DCI format to get the availability indication. However, if UE decodes both, the indication content should be consistent. 

Proposal 2: L1 availability indication based on DCI format 2_7 and paging DCI are enabled simultaneously, and UE expects the same indication content and validity duration if TRS availability is transmitted in both.  

2.2 UE behavior during valid duration
A UE can receive a new L1 signaling in terms of PEI/paging PDCCH configured with TRS availability indication field during an on-going validity duration triggered by previous L1 signaling. According to the discussions and agreements in previous meetings, there are at least the following remaining issues regarding UE behavior during a valid duration for a L1 availability indication:
· Issue 2-1: Whether the availability indication is transmitted [only once] during the validity duration
· Issue 2-2: FFS UE doesn’t expect inconsistent L1 based indication during the time duration

It’s necessary to clarify whether and how the new PEI/paging PDCCH can provide consistent information as the previous signaling. Since the reference point for a start of a validity duration is the start of current DRX cycle where UE receives the L1 signaling, the design should at least keep consistent or a common cell-specific start of valid duration among different UEs that can receive the L1 signaling at different paging cycle.

For issue 2-1, the majority companies are against the restriction to transmit only once during the validity duration, which limits the NW flexibility. In addition, the restriction may cause delay of acquisition of the availability for new UEs that enter the cell in the middle of a validity duration. The two issues are related. Based on the point that gNB can transmit multiple availability indication before expiration of a validity duration, we can further discuss the solution for Issue 2-2. 

In our view, there can be the following two types of UE behaviors when a UE receives a new TRS availability indication before the expiration/end of validity duration associated with previous availability indication:
· Alt1: UE can receive the new availability indication with inconsistent L1 based indication
· For each bit indicated as ‘1’ in the availability indication field, the UE assumes the corresponding TRS resource set(s) are available until the end of the associated validity duration,
· The UE ignores any bit ‘0’ in the availability indication field.
· Alt2: UE doesn’t expect inconsistent L1 based indication 
· If UE receives a new availability indication with non-zero values, UE resets the validity duration, 
· Otherwise, UE ignores the availability indication field with all “0s”. 

For Alt1, there can be multiple validity durations with different start and end time. For different group of TRS resource sets, the validity duration can be different due to extension of validity duration triggered by availability indication received at different paging cycles. One disadvantage of Alt1 is that the complexity can be high at UE side due to the dynamic updates of availability per group of TRS resource sets. 

For Alt2, UE only need to maintain one validity duration common to all TRS resource sets based on the last availability indication received. For any new availability indication received before the expiration/end of validity duration associated with previous indication, it can overwrite the previous indication. 

In our view, both allows NW flexibility to transmit availability any time regardless of any on-going validity duration. We prefer Alt2, which balance the NW flexibility and reduced UE complexity.
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Proposal 3: A UE can receive a TRS availability indication before the expiration/end of validity duration associated with previous TRS availability indication 
· if the bitmap of the new TRS availability indication field is all “0s”, the UE ignores the TRS availability indication field; otherwise, the UE assumes the new TRS availability indication field overwrites the previous TRS availability indication
· Adopt TP#1 for TS 38.213

Proposed TP # 1 for TR 38.213
	10.4B	Indication of TRS resources
A UE in RRC_IDLE state or RRC_INACTIVE state can be provided by TRS-ResourceSetConfig a set of TRS occasions [6, TS 38.214]. If TRS-ResourceSetConfig is provided, a DCI format 2_7 with CRC scrambled by RNTI or a DCI format 1_0 with CRC scrambled by P-RNTI includes a TRS availability indication field [4, TS 38.212] that provides a bitmap to groups of TRS resource sets where the configuration of each TRS resource set includes an association to a bit of the bitmap. The UE can be additionally provided a multiple, by validityDuration, for a number of frames provided by defaultPagingCycle for TRS resource sets with indicated presence; if validityDuration is not provided, the multiple is equal to 2. A value of ‘1’ for the bitmap indicates presence of associated TRS resource sets for the multiple of the number of frames, starting from a SFN determined from  [17, TS 38.304] that corresponds to the latest frame that includes a PDCCH providing the DCI format 2_7 or the DCI format 1_0 with the TRS availability indication field indicating the TRS resource sets, where  is provided by defaultPagingCycle. 

A UE can receive a DCI format 2_7 or the DCI format 1_0 with TRS availability indication field before expiration of validity duration associated with previous TRS avaiablity indication, 
- if the bitmap of the TRS availability indication field is all “0s”, the UE ignores the TRS availability indication field;
- otherwise, the UE assumes the TRS availability indication field overwrites the previous TRS availability indication.





3 Configurations of TRS resources to idle/inactive UEs
According to the discussion in RAN1#107-e meeting, the following are the remaining issues regarding the configuration of TRS resources for idle/inactive UEs:
· Issue 3-1: whether or not support additional configuration parameter for the number of, X, TRS resources for a TRS resource set. 
· Issue 3-2: whether to configure scrambling ID per TRS resource set or TRS resource
· Issue 3-3: 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

For issue 3-1, the following two alternatives were considered in RAN1#107-e meeting [2]
· Alt1: support a configuration parameter for the number of, X, TRS resources for a TRS resource set.
· applicable values for X: {2, 4}
· Alt2: UE assumes 4 TRS resources for FR1 and 2 TRS resources for FR2 for the TRS resource set.
Since idle mode TRS resources are shared from connected UEs, and both 2 and 4 resources per set are possible for connected UEs, we support Alt1 to allow NW to reuse all TRS resources from connected UEs. 

Proposal #4: Support a configuration parameter for the number of, X, TRS resources for a TRS resource set with applicable values for X: {2, 4}
· Adopt TP#2 for TS 38.214

Proposed TP#2 for TS 38.214
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=============================== Unchanged Text Omitted =============================== 

A UE in RRC_IDLE or RRC_INACTIVE can receive a higher layer configuration of TRS occasions via a [TRS-ResourceSetConfig]. 
-	For frequency range 1, the UE may be configured with one or more TRS resource set(s), where each TRS resource set configured by a [TRS-ResourceSet] consists of two or [four periodic NZP CSI-RS resources in two consecutive slots] with two periodic NZP CSI-RS resources in a each slot. 
-	For frequency range 2 the UE may be configured with one or more TRS resource set(s), where each TRS resource set configured by a [TRS-ResourceSet] consists of two periodic NZP CSI-RS resources in one slot or by a [TRS-ResourceSet] of [four periodic NZP CSI-RS resources in two consecutive slots] with two periodic NZP CSI-RS resources in each slot. 
=============================== Unchanged Text Omitted ===============================




For issue 3-2, we should at least support scrambling ID per TRS resource to follow the same principle as connected mode. However, scrambling ID per TRS resource set can be further considered to reduce the configuration overhead. As a compromise, we are fine to support both per resource set and per resource configuration. Since scrambling ID is the only configuration parameter that may be configured per TRS resource, it’s fine that the one or more scrambling ID(s) can be configured per TRS resource set as suggested by Apple in RAN1#107-e meeting. In this way, there is no need to additional configure the RRC parameter TRS-Resource. 

Proposal 5: One or more scrambling IDs is configured for a TRS resource set.
· -       Adopt TP #3 for TS 38.214

Proposed TP#2 for TS 38.214
	5.1.6.1.1	CSI-RS for tracking
=============================== Unchanged Text Omitted =============================== 

Each NZP CSI-RS resource, defined in Clause 7.4.1.5.3 of [4, TS 38.211], is configured by the higher layer parameter [TRS-ResourceSet] with the following restrictions for a UE in RRC_IDLE or RRC_INACTIVE:
· one or more scrambling ID is given by higher layer parameter scramblingIDs in a TRS-ResourceSet. If a single scrambling ID is given, it applies to all resources in a TRS-ResourceSet; otherwise, the number of scrambling IDs is equal to the number of resources in a TRS-ResourceSet.
· 
=============================== Unchanged Text Omitted ===============================




For issue 3-3, the intent of the FFS point is NW overhead reduction. We don’t see the need to support multiple TRS resources sets for the same QCL reference in practice, so we are OK to support that the maximum number of configured TRS resource set is based on number of transmitted SSBs. 

Proposal 6: the number of configured TRS resource sets is not larger than the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1
· adopt value range: up to ssb-PositionsInBurst TRS-ResourceSet for TRS-ResourceSetConfig in TS 38.331.

4 Others	
In RAN#107-e meeting, we reached WA on some applicable value for validity duration configured by higher layer. Some companies have concern about large applicable values, e.g. [64], [128], [256],[512]. For large value, the potential issue is that UE may need to implement super SFN when the absolute time of validity duration is larger than 1024 frames. However, we don’t think super SFN is relevant. UE can simply maintain a timer to track the remaining valid duration accordingly. 

Proposal 7: Confirm the following WA on the applicable values for validity duration configured by higher layer
· [64], [128], [256], [512]

5 Conclusion	
This contribution considered TRS/CSI-RS resources for idle/inactive UEs. Following proposals were made:

Proposal 1: Deprioritize the discussion on SIB based availability indication.

Proposal 2: L1 availability indication based on DCI format 2_7 and paging DCI are enabled simultaneously, and UE expects the same indication content in both DCI format 2_7 and paging DCI if transmitted in both.  

Proposal 3: A UE can receive a TRS availability indication before the expiration/end of validity duration associated with previous TRS availability indication 
· if the bitmap of the new TRS availability indication field is all “0s”, the UE ignores the TRS availability indication field; otherwise, the UE assumes the new TRS availability indication field overwrites the previous TRS availability indication
· Adopt TP#1 for TS 38.213

Proposal #4: Support a configuration parameter for the number of, X, TRS resources for a TRS resource set with applicable values for X: {2, 4}
· Adopt TP#2 for TS 38.214

Proposal 5: One or more scrambling IDs is configured for a TRS resource set.
· -       Adopt TP #3 for TS 38.214

Proposal 6: the number of configured TRS resource sets is not larger than the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1
· adopt value range: up to ssb-PositionsInBurst TRS-ResourceSet for TRS-ResourceSetConfig in TS 38.331.

Proposal 7: Confirm the following WA on the applicable values for validity duration configured by higher layer
· [64], [128], [256], [512]

5 Reference
[1] RAN1 Chairman’s Note, 3GPP TSG RAN WG1 Meeting #107-e
[2] R1-2112683, Moderator Summary #3 for TRS/CSI-RS occasion(s) for idle/inactive UEs, Moderator (Samsung)

