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[bookmark: _Ref83278801]Introduction
In last meeting, some little progress was achieved on the signaling design of the TRS/CSI-RS for idle/inactive, mainly due to most issues were pending RAN1 progress [1]:
	The scope of the new SIB-X is configurable (either cell or area scope) based on NW implementation.
RAN2 to wait for additional RAN1 feedback, before finalizing aspects on SIB-X sizing, segmentation etc.
RAN2 to wait for further RAN1 input on whether TRS/CSI-RS configuration can be split as common and TRS specific part.
The new SIB-X can be made on demand, and it is up to NW configuration. 
There are no UE side impacts due to any additional NW side restriction on on-demand SIB-X.
IDLE/INACTIVE UEs do NOT have to report any feedback on its TRS/CSI-RS resource usage.
RAN2 assumes to support current RAN1 working agreement of L1 based signalling for TRS/CSI-RS availability indication. FFS whether it should be possible to enable / disable the TRS/CSI-RS L1 based availability mechanism by broadcast signalling.
R2 assumes that additional TRS/CSI-RS configuration by dedicated signalling is not supported. Can revisit e.g. based on R1 provided info if needed. 
Postpone further discussion on TRS/CSI-RS applicability for eDRX UEs. Can consider later



In addition, RAN1 made some further progress on the TRS/CSI-RS design in RAN1#107-e, impacting its RRC configuration, and with one specific configuration choice left to RAN2:
	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.


The above explicit configuration of TRS resource set group is also reflected by the new RRC parameter indBitID introduced by RAN1 in their RRC parameter list [2].
RAN1 also made some progress on other RRC parameters related to the TRC/CSI-RS (validityDuration, TRS-ResourceSet), but these can be directly addressed in the RRC running CR.
In this contribution we address the following issues:
· Explicit parameter or implicit determination of N
· Whether it should be possible to enable / disable the TRS/CSI-RS L1 based availability mechanism by broadcast signalling
· TRS/CSI-RS applicability for eDRX UEs
Discussion
Explicit parameter or implicit determination of N
The new RRC parameter indBitID introduced by RAN1 in their RRC parameter list [2] should be added to the RRC IE TRS-ResourceSetConfig-r17, with range {0,1, 2, …, N-1} where N=6. And the number of different values of indBitID provides implicitly the number of bits in the bitmap, N. So we see no reason for an explicit parameter for N.
Proposal 1: The number of bits N in the bitmap used for L1 availability indication is derived implicitly from the number of different values of indBitID. There is no need for an explicit parameter.
[bookmark: _Ref92289384]Controlling TRS/CSI-RS L1 based availability mechanism by broadcast signaling
The current capture of the TRS/CSI-RS resource sets configuration is as follows, where we added the new RAN1 parameters configuring the L1 based availability mechanism [3]:
	-- ASN1START
-- TAG-SIBx-START

SIBx-r17 ::=                      SEQUENCE {
    trs-ResourceSetlist-r17           SEQUENCE (SIZE (1..FFS)) OF TRS-ResourceSetConfig-r17        OPTIONAL,        -- Need R
    validityDuration-r17              ENUMERATED {1, 2, 4, 8, 16, 32, [64], [128], [256],[512]}    OPTIONAL,        -- Need S
    lateNonCriticalExtension          OCTET STRING                                                 OPTIONAL,
    ...
}

TRS-ResourceSetConfig-r17 ::=             SEQUENCE {
powerControlOffsetSS-r17                      ENUMERATED{db-3, db0, db3, db6},
scramblingID-r17                           ScramblingId,
firstOFDMSymbolInTimeDomain-r17           INTEGER (0..9),
startingRB-r17                            INTEGER (0..maxNrofPhysicalResourceBlocks-1),
nrofRBs-r17                               INTEGER (24..maxNrofPhysicalResourceBlocksPlus1),
ssb-Index-r17                             SSB-Index,
periodicityAndOffset-r17                  CSI-ResourcePeriodicityAndOffset,
frequencyDomainAllocation-r17             BIT STRING (SIZE (4)),
indBitID-r17                              INTEGER (0..5),
...
}

-- TAG-SIBx-STOP
-- ASN1STOP


Clearly, the presence/absence of a TRS/CSI-RS resource set is already implicitly supported by configuring only the available sets in the trs-resourceSetlist. So we understand the leftover issue as whether we need to be able to configure the enabling/disabling of the L1 based availability mechanism of a configured TRS/CSI-RS resource set. Given RAN1 agreed to use a L1 based availability mechanism, it might be justified by the need to support both frequent and fast availability updates for this reference signal. On the other hand, the need to support a high performance signaling mechanism to address some critical scenarios should never mandate a network to always make use of that feature, for scenarios where it is not needed. Therefore we believe it is safe to leave to the network the freedom to enable/disable this feature by RRC. Given this feature targets Idle/Inactive UEs, this is obviously controlled via broadcast signaling.
Proposal 2:  TRS/CSI-RS L1 based availability mechanism is enabled/disabled via broadcast signaling.
Such enabling/disabling configuration could control the L1 based availability mechanism:
· at cell level; or
· at TRS/CSI-RS resource set group (associated with a bit of the bitmap) level; or
· at TRS/CSI-RS resource set level.
Clearly, in absence of any implicit mapping of an Idle/Inactive UE to a TRS resource set, in principle all configured TRS resource sets could be used by all Idle/Inactive UEs supporting the feature and there seems not much motivation for making the feature available for only a subset of those. Therefore we would prefer to go with an explicit parameter, phyBasedAvailabilityControl, at SIBx-r17 level:
SIBx-r17 ::=                      SEQUENCE {
trs-ResourceSetlist-r17           SEQUENCE (SIZE (1..FFS)) OF TRS-ResourceSetConfig-r17        OPTIONAL,        -- Need R
phyBasedAvailabilityControl-r17       ENUMERATED {true}                                            OPTIONAL,
    lateNonCriticalExtension          OCTET STRING                                                 OPTIONAL,
    ...
}
On the other hand, the current structure of TRS-ResourceSetConfig-r17 also allows simply configuring the enabling/disabling of the L1 based availability mechanism at TRS/CSI-RS resource set level by making the new parameter indBitID optional. Given we favor simplicity we are also open for this approach.
Proposal 3:  RAN2 to choose, for RRC control of the TRS/CSI-RS L1 based availability mechanism, among:
· at cell level (in SIBx-r17)
· at TRS/CSI-RS resource set level (by making indBitID optional in TRS-ResourceSetConfig-r17)
TRS/CSI-RS applicability for eDRX UEs
In R17 RedCap WI, RAN2 defined the extended DRX (eDRX) feature for NR, which is already supported in LTE. In summary, a UE can be configured with either the regular DRX or eDRX to be used in RRC IDLE/INACTIVE:
· (regular) legacy DRX: the DRX period T is defined as a number of radio frames, e.g. defaultPagingCycle is {rf32, rf64, rf128, rf256}
· Extended DRX: the eDRX period can be larger than 1024 radio frames = 1 Hyperframe, in which case the period is defined as a number of Hyperframes by TeDRX,H =1, 2, …, 1024 Hyper-frames. During the Paging Hyperframe (PH), the UE monitors POs according to the regular DRX within a Paging Time Window (PTW) defined by PTW_start and PTW_end.
Clearly, as a first step, we see no reason to limit the use of TRS/CSI-RS to DRX UEs only, and disallow it for eDRX UEs. Indeed, it is expected that such UEs have been configured with eDRX precisely because of their high demand on power saving. Thus they should naturally benefit from the power saving provided by TRS/CSI-RS configuration.
Proposal 4: TRS/CSI-RS mechanism should be used for both DRX and eDRX UEs.
The next step is to check whether there is any technical issue with supporting TRS/CSI-RS for eDRX UEs. In [4], it is spotted that, per the RAN2 agreements to reuse the legacy SI update procedure for changing the TRS/CSI-RS configuration as well as legacy (LTE) SI modification mechanism for SI change (based on eDRX acquisition period and eDRX-specific systemInfoModification-eDRX SI change indication) in NR eDRX, a very large delay may be imposed by eDRX UEs to all other UEs for updating the TRS/CSI-RS configuration. Indeed, as shown in Figure 1, if the network decides to change the TRS/CSI-RS configuration shortly after the start of an eDRX acquisition period (e.g. #k-1 in Figure 1), the network has to wait until next eDRX acquisition period (e.g. #k in Figure 1) to indicate the SI modification notification for eDRX UEs, and send the update configuration in eDRX acquisition period #k+1.


[bookmark: _Ref83376486]Figure 1: Issue with TRS/CSI-RS configuration update for eDRX UEs
Assuming both DRX and eDRX UEs use the same set of TRS/CSI-RSs, all new TRS/CSI-RS configurations must be updated synchronously and network cannot notify DRX UEs of the configuration change before the last SI modification period of the eDRX acquisition period #k. Thus, given it was agreed that the eDRX acquisition period is the maximum configurable value of the eDRX cycle (= 1024 H-SFN), the maximum delay of TRS resources configuration for all idle/inactive UEs is ~2 * 3 hours.
Observation 1: TRS/CSI-RS configuration update may require up to ~6 hours delay for all (DRX and eDRX) Idle/Inactive UEs in a cell.
One key difference with most other SI configuration changes, is that when the next (e)DRX-ON interval comes, the UE wakes-up and the very first thing it does is it monitors TRS/CSI-RS to acquire time/freq synchronization. In other words, unlike most other parameters, when a TRS/CSI-RS configuration changes, the UE can no longer receive a SI change notification, if it is not aware of the configuration change. On the other hand, in SIB1 there are also some other parameters which are crucial for paging reception, e.g. defaultPagingCycle, nAndPagingFrameOffset, pagingSearchSpace. And there is no special handling for these parameters. So we need to figure out why the 6-hour delay is intolerable for TRS/CSI-RS configuration only. That may be left to RAN1 appreciation; however, our understanding is that the TRS/CSI-RS-specific L1-based availability mechanism developed by RAN1 for handling the dynamic activation/deactivation of such RSs, seems contradictory with the very long configuration update delay discussed above, especially considering the SIB-based control of the TRS/CSI-RS L1-based availability mechanism discussed in Section 2.2. 
Observation 2: The TRS/CSI-RS-specific L1-based availability mechanism developed by RAN1 for handling the dynamic activation/deactivation of such RSs seems contradictory with the very long configuration update delay of Observation #1.
Proposal 5: RAN2 discusses ways to mitigate the long delay in updating the TRS/CSI-RS configuration, when eDRX is supported in a cell.
We see three possible solutions addressing the above issue:
· Option 1: separate TRS/CSI-RS resources for eDRX and DRX [4]
Different TRS/CSI-RS resources are applied to eDRX and DRX UEs. With this approach, the network can update TRS/CSI-RS configurations for eDRX and DRX UEs separately, thus allowing DRX UEs to be updated as fast as permitted by the regular SI update mechanism (delay = 2 * modification period).


[bookmark: _Ref83376562]Figure 2: Use of different TRS/CSI-RSs for DRX and eDRX UEs
The drawback is that it will introduce additional resources and another SIB to broadcast TRS/CSI-RS configuration for eDRX UEs. 
· Option 2: additional availability indicator to indicate whether current available TRS/CSI-RS is applicable to eDRX UEs
Same TRS/CSI-RS resources are applied to both eDRX UEs and DRX UEs, and the network updates TRS/CSI-RS configurations based on the SI modification period, thus providing the shortest delay for updating the TRS/CSI-RS configurations for DRX UEs. But, constrained by the eDRX acquisition period, eDRX UEs cannot receive the updated TRS/CSI-RSs as they have to wait for the next eDRX acquisition period to receive the updated SIB. So the network indicates via (new) signalling that the current available TRS/CSI-RSs are not applicable to eDRX UEs.


Figure 3: Use of TRS/CSI-RS availability indicator for eDRX UEs
This eDRX-specific availability indicator can be of two forms:
1. Reuse the L1 availability indicator
The drawback is that it introduces additional L1 indication which may need to be agreed by RAN1 finally. Note this can be an adaptation of the current L1 indication design where, e.g. one bit of the 6-bit bitmap used for L1-based TRS/CSI-RS availability indication is assigned for such indication.
2. Use the reserved bit in Short Message
Another option is to use the reserved bits in the Short Message field defined in clause 6.5, Table 6.5-1 of TS38.331, which can be decided by RAN2.
In both cases, one drawback is that the eDRX UEs cannot benefit from the power savings provided by the use of the TRS/CSI-RS during the period where it is deactivated by L1.
· Option 3: eDRX UEs cannot use TRS/CSI-RS from the time they receive change notification for eDRX UEs to the time they receive the updated SI
This is a hardcoded version of Option 2, where the UE behavior resulting from the deactivation, for eDRX UEs, of the configured TRS/CSI-RS resources, is explicitly captured in the specification and triggered by any reception of systemInfoModification-eDRX. It requires no RAN1 involvement but further reduces the power saving benefit of the TRS/CSI-RSs for eDRX UEs since any SI change (also those not related to the TRS/CSI-RS configuration) will deactivate the TRS/CSI-RSs for eDRX UEs.
Proposal 6: RAN2 to down-select a solution among:
· Separate TRS/CSI-RS resources for eDRX and DRX
· Indicate whether current available TRS/CSI-RS is applicable to eDRX UEs. This can be via:
· Extending the use of the RAN1-agreed L1 availability indicator
· Using the reserved bit in the Short Message 
· eDRX UEs cannot use TRS/CSI-RS from the time they receive change notification for eDRX UEs to the time they receive the updated SI
Other leftover issues
In addition, on top of the editor’s notes replicating the RAN2 agreements FFSs, the following editor’s notes were captured in the RRC running CR:
Editor’s NOTE: FFS if scramblingID is per TRS resource set, or per TRS resource.
Editor’s NOTE: periodicityAndOffset is of type CSI-ResourcePeriodicityAndOffset but the value range is still FFS in RAN1: LS indicates the value range is {slots10, slots20, slots40, slots80, [slots160], [slots320], [slots640]}.
However, no progress was done on these FFSs in RAN1#107-e, which remain open.
As a consequence, the other leftover issues related to SIB-X sizing, segmentation etc (Section 1) cannot yet be solved either and require further RAN1 finalization.
[bookmark: OLE_LINK11][bookmark: OLE_LINK10][bookmark: OLE_LINK88][bookmark: OLE_LINK89][bookmark: _GoBack]Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]According to the analysis in section 2, we reached below observations and proposals:
Proposal 1: The number of bits N in the bitmap used for L1 availability indication is derived implicitly from the number of different values of indBitID. There is no need for an explicit parameter.
Proposal 2:  TRS/CSI-RS L1 based availability mechanism is enabled/disabled via broadcast signaling.
Proposal 3:  RAN2 to choose, for RRC control of the TRS/CSI-RS L1 based availability mechanism, among:
· at cell level (in SIBx-r17)
· at TRS/CSI-RS resource set level (by making indBitID optional in TRS-ResourceSetConfig-r17)
Proposal 4: TRS/CSI-RS mechanism should be used for both DRX and eDRX UEs.
Observation 1: TRS/CSI-RS configuration update may require up to ~6 hours delay for all (DRX and eDRX) Idle/Inactive UEs in a cell.
Observation 2: The TRS/CSI-RS-specific L1-based availability mechanism developed by RAN1 for handling the dynamic activation/deactivation of such RSs seems contradictory with the very long configuration update delay of Observation #1.
Proposal 5: RAN2 discusses ways to mitigate the long delay in updating the TRS/CSI-RS configuration, when eDRX is supported in a cell.
Proposal 6: RAN2 to down-select a solution among:
· Separate TRS/CSI-RS resources for eDRX and DRX
· Indicate whether current available TRS/CSI-RS is applicable to eDRX UEs. This can be via:
· Extending the use of the RAN1-agreed L1 availability indicator
· Using the reserved bit in the Short Message 
· eDRX UEs cannot use TRS/CSI-RS from the time they receive change notification for eDRX UEs to the time they receive the updated SI
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