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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, the remaining issues of assistance TRS for idle/inactive UE power saving enhancements are discussed.
[bookmark: _Ref71215021][bookmark: _Ref70271314]Availability indication for assistance TRS occasions
[bookmark: _Ref82526575][bookmark: _Ref77064009]Validity time
During RAN1 #106bis-e, the validity time duration and the corresponding reference point were discussed. And the following agreement was made [2].
	Agreement
At least for paging PDCCH based L1 availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs, the L1 availability indication is valid for a time duration starting from a reference point, where
· the time duration is a validity duration configured by higher layer,
· FFS applicable values, e.g. # of DRX cycles, or multiple of default paging cycle duration (i.e. modification period)
· FFS UE doesn’t expect inconsistent L1 based indication during the time duration
· the reference point for start of the validity duration is one of the following alternatives:
· Alt1: SFN of the first PF from the next DRX cycle
· Alt2: SFN of the first PF from the current DRX cycle where UE receives the indication
· Alt3: based on SFN configured by higher layer, i.e. modification period configured as multiple of default paging cycle duration
· Alt4: start of the PF for the PO where UE receives the indication
· Note: the DRX cycle in Alt1 and Alt2 is the default paging cycle broadcast in SIB
· Note: The SFN for the first PF is for (UE mod N) = 0, and can be calculated by (SFN + PF_offset) mod T = 0
· the time duration can be optionally configured by gNB
· when the time duration is not configured, one of the following alternatives can be considered:
· Alt1: the availability indication is valid until when the UE receives another availability indication.
· Alt2: the availability indication is valid until L1 availability indication is changed by network
· Alt3: default time duration e.g. default paging cycle
· FFS whether and how to handle the miss detection issue of L1 signaling



[bookmark: _Ref86689699]Handling of miss-detection of L1 signaling 
Before the discussion on the detailed validity time duration length and reference start time, it would be beneficial to firstly align some design criteria for the design. 
There is a FFS point in RAN1#106bis on whether and how to handle the miss detection issue of L1 signaling. Firstly, gNB is not sure which UE camps on the current cell in IDLE/inactive mode. It would be difficult for gNB to handle the paging/PEI DCI miss-detection. On the UE side, if the UE does not receive a L1 indication, the UE cannot distinguish whether the DCI is miss-detected or gNB does not transmit it. Therefore, it is difficult for UE to specially handle the case of miss-detection for L1 signaling. 
Therefore, we don’t think we should further discuss how to handle the miss detection issue of L1 signaling. As discussed in the following section, we should target to design a robust mechanism to minimize the misalignment between gNB and UE caused by miss-detection of L1 signaling. 
Observation 1: It is difficult on both gNB side and UE side to handle miss-detection of L1 signalling, considering gNB cannot know whether the L1 signalling is miss-detected by UEs and the UE cannot know whether an expected L1 signalling is miss-detected or just not transmitted by gNB.
Proposal 1: The selected validity duration design needs to be robust to minimize the misalignment between gNB and UE caused by miss-detection of L1 signaling.

Validity time duration length
In current specification, two paging cycle length can be configured, i.e. the default paging cycle configured in SIB and the UE specific paging cycle configured in NAS signaling. UE specific paging cycle is supported to deal with different delay requirement among a lot of UEs. The applied paging cycle length of a UE is the smaller one of the configured UE specific paging cycle length and the default paging cycle length. Different UEs may have different paging cycles. 
From the network perspective, same PO can be shared among UEs with different paging cycles. As shown in Figure 1 as an example, four UEs with different paging cycles can be paged on the same PO, i.e. the first PO in Figure 1. 
If the validity time duration length is defined based on the actually used paging cycle length of a UE, different UE may have different understanding of the validity duration length due to different length of paging cycles. Considering paging is group common based indication and network actually is not sure whether a UE is deployed in the coverage of the gNB, it is not reasonable to require gNB to maintain different validity duration per UE. As default paging cycle is common to all UEs, so the straight forward and efficient way is to use default paging cycle as the granularity of validity time duration length.
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[bookmark: _Ref86670346]Figure 1 Illustration of paging cycle

As will be introduced in the next section, the validity time duration is a modification period. The modification period can be fixed to one default paging cycle to save signaling overhead, or configured as N default paging cycles to provide some flexibility to gNB. The value range of N is a tradeoff between the signaling overhead and the capability for gNB to predict the status of TRS. To give gNB flexibility as much as possible, the value range of N is suggested to be e.g. {1, 2, 4, 8, 16, 32}, where large value (like 32) can be used for short paging cycle (like 320ms).
Proposal 2: The validity duration length is configured to be N default paging cycle length in SIB, where N is a value configured in {1, 2, 4, 8, 16, 32}.

Validity duration reference time
Before the discussion on the reference time, we would like to firstly discuss the issue of ‘FFS UE doesn’t expect inconsistent L1 based indication during the time duration’, which impacts the decision on the validity duration reference. Based on the definition of ‘validity time’, once gNB indicates ‘available’ to the UE by a first L1 indication, the UE will assume the indicated TRS resources are available during the validity time. If the gNB is allowed to indicate ‘unavailable’ by a second L1 indication indicates during the time duration ends, it implies gNB can stop transmitting the TRS resources after the second indication. However, if the UE miss detects the second indication, the UE will wrongly use the ‘assumed TRS resources’ for loop convergence, which may impact UE’s reception until the validity time ends. 
Observation 2: If L1 indication during the same validity time duration can be inconsistent, the miss-detection of paging/PEI DCI would cause UE’s incorrect assumption on the availability of TRS occasions until the validity time ends, which needs to be considered into the availability indication design.
Proposal 3: UE doesn’t expect inconsistent L1 based indication during the time duration.
According to the agreement, the validity time is configured by higher layer, but how to use the validity time, i.e. how to define the reference point, is not decided yet. 
As commented by companies in the RAN1#106biws, some of the alternatives imply a ‘sliding’ validity time duration, where the start reference point of the validity time duration slides based on the reception time point of each L1 indication. This kind of ‘sliding’ time duration leads to the consequence that gNB has to always indicate the TRS occasions as available for long time to keep the consistent indications in a validity duration. Depending on whether there is paging, paging DCI/PEI DCI may or may not be transmitted for a paging occasion. As shown by the example in Figure 2, the validity time is configured to be 4 paging cycles. In paging cycle #n, the paging DCI is transmitted with indication of ‘available’, and the UE assumes the TRS resource set(s) in the configured TRS occasions are available from paging cycle #n+1 to #n+4. In paging cycle #n+2, the paging DCI is also transmitted due to some UE is paged, to give a consistent indication, the paging DCI in cycle #n+2 also indicates ‘available’. Same story also happens in paging cycle #n+5. 
From gNB’s perspective, the union of the validity time duration lasts a much longer duration. And it is difficult for gNB to find a chance to change the availability from ‘available’ to ‘unavailable’. 
On the other hand, if the validity time duration is ‘sliding’, the gNB has to maintain different validity timer for the groups of UEs corresponding to different POs, which makes gNB implementation complicated. On the contrary, based on the modification period, gNB only need to maintain a single validity time duration since it is common to all the UEs/POs in the cell.
Observation 3: The sliding/float validity time duration causes gNB has no chance to change the TRS availability from ‘available’ to ‘unavailable’ for long time and causes more complicated gNB implementation. 
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[bookmark: _Ref86690853]Figure 2 ‘Sliding’ validity time result in unchanged availability
Regarding the four alternatives, first, in Alt4 the reference point is determined by the time where UE receives the indication. Obviously, it is a solution causing sliding time duration since a UE may receive the indication at any L1 signalling monitoring occasions. According Figure 2, Alt.1 and Alt.2 shall also cause sliding/float time duration issues. 
Observation 4: Alt1, Alt2 and Alt4 for defining reference point lead to ‘sliding’ solution, which may make gNB have no chance to change the availability.
Alt3 is a ‘non-sliding’ solution. And it is also the legacy mechanism in Rel-15/16 for SI updating. When the L1 signaling is miss-detected, gNB has no idea when the UE can recover the DL synchronization on the position of the validity time if ‘sliding’ solution is used, since gNB does not know which L1 signaling is miss-detected. However, if Alt3 is used, UE can be aligned again with gNB at the next modification period. Therefore, Alt3 is a rather robust solution.
In Table 1, the pros and cons for the four alternatives are listed.
[bookmark: _Ref86745923]Table 1: Comparison of different Alternatives of reference point
	
	Restriction on gNB
	Miss-detection issue of L1 signalling
	gNB implementation
	Specification impact

	Alt.1
	gNB has no chance to change the TRS availability from ‘available’ to ‘unavailable’ for much longer duration than the validity duration length
	miss-alignment of the start and end of validity time duration
	Per PO maintenance of validity duration
	New mechanism needed and more discussion needed

	Alt.2
	gNB has no chance to change the TRS availability from ‘available’ to ‘unavailable’ for much longer duration than the validity duration length
	miss-alignment of the start and end of validity time duration
	Per PO maintenance of validity duration
	New mechanism needed and more discussion needed

	Alt.3
	Can change the status for every configured validity time duration length
	The start and end of the validity duration is exactly known by both gNB and UE
	Common validity time duration for different POs
	Legacy mechanism of SI update can be reused.

	Alt.4
	gNB has no chance to change the TRS availability from ‘available’ to ‘unavailable’ for much longer duration than the validity duration length
	miss-alignment of the start and end of validity time duration
	Per PO maintenance of validity duration
	New mechanism needed and more discussion needed


Proposal 4: Adopt Alt.3 to use modification period as the validity during which the availability of assistance TRS(s) is assumed to be the same.
· The reference point is based on SFN configured by higher layer, i.e. modification period configured as multiple of default paging cycle duration
When the availability is indicated for a modification period, the signaling can be at the beginning of the modification period. For example, gNB could only indicate the availability by the paging DCI transmitted at the beginning of the modification period, as shown in Figure 3, where the modification period equals to 4 paging cycles. As another option, it would be also possible not to restrict that availability is only transmitted in the specified duration in modification period, UE can continue receive POs and can start to utilize following available TRS when it detects a paging DCI in one PO indicate that the TRS is available in the same modification period. This can reduce additional paging DCI transmission due to the indication of availability. 
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[bookmark: _Ref86745902]Figure 3 Illustration of modification period for paging DCI
The modification period can be also applied for PEI DCI indicating TRS availability. It is agreed in RAN#93-e that only Behv-A is supported, PEI DCI can be skipped when there is no paging and PEI DCI shall be transmitted when there is paging. As a special configuration of the modification period length, when the modification period is configured as one default paging cycle, the PEI DCI is actually indicating the availability of the TRS occasions in the same paging cycle. This can have the most efficient indication, with short latency and less overhead, for the TRS availability indication. An example is shown in Figure 4
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[bookmark: _Ref86746730]Figure 4 Illustration of modification period for PEI
In RAN1#106bis-e, it was agreed that the validity time duration is optionally configured. When it is not configured, we think the Alt.3 would be straight forward to define the default value for the modification period as one default paging cycle, considering very limited time for Rel-17. Alt1 and Alt2 may have to consider the impact of miss-detection of paging/PEI DCIs, i.e. some UEs may miss the paging/PEI DCI which indicates TRS availability change. It seems these three alternatives just handle the case when the length is not configured. We think the Alt.3 to define a default validity duration length is already enough to solve the problem.
Proposal 5: When the time duration is not configured, the modification period is defined to be 1 default paging cycle by default.
[bookmark: _Ref86255331]Indication content and DCI format impact
In RAN1 #106bis-e, the following agreement was made [2]. The related remaining issues are discussed in this Section.
	Agreement
For L1 based availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs, support availability information for configured RS resources using a bitmap. where each bit indicates whether associated TRS resource(s) are available.
· support L1 availability indication at an occasion can provide availability information RS resources with QCL references not confined to be the same as for the L1 availability indication occasion
· FFS associated TRS resource(s) per bit, e.g. a bit is associated with a TRS resource set
· Bitmap size is up to X bits
· X = [6] for paging PDCCH based L1 availability indication.
· FFS X for PEI DCI based L1 availability indication
· FFS details about how to configure the DCI field: e.g. start and length of bitmap (e.g. explicitly/implicitly configured)
· for paging PDCCH based L1 availability indication, support L1 availability indication at an occasion can provide availability information for all configured RS resources
· FFS whether this needs to be supported regardless of the number of beams or for some configured RS resources
· FFS: PEI DCI provides L1 availability indication information only for RS resources with QCL references to be the same as for the L1 availability indication occasion
· FFS: indication of unavailability



[bookmark: _Ref86255979][bookmark: _Ref86680727]Association between an indication bit and TRS resources
For paging PDCCH, there are at most 6 reserved bits, which can be used for availability indication. The TRS in the TRS occasions is expected to share with the TRS resource set(s) for connected mode UE. It would be reasonable to use beam selective manner to indicate the availability of TRS occasions, considering it enables gNB to switch off the transmission of TRS wen there is no connected mode UE in a beam. 
In FR2, there can be up to 64 SSB indexes, which may require large payload for availability indication if each bit corresponds to TRS resource(s) associated with a single SSB index. To reduce the overhead, some SSB indexes can be grouped into a set, and each bit can be mapped to the TRS resource set(s) with QCL reference to a set of SSB indexes. The association between an indication bit and the TRS resources set(s) SSB index(es) can be either explicitly configured in SIB X or to be implicitly determined.
For the explicit configuration method, it provides gNB with more flexibility. There can be two options in general: 
· Option 1: in each configured TRS resource set configured in TRS-ResourceSetConfig, introduce a parameter to configure the associated indication bit location in the TRS availability indication bitmap. Up to  3-bit is needed to distinguish 6 indication locations. Considering there can be 64 TRS resource sets (corresponding to 64 SSBs), the signaling overhead of the option can be up to 3*64=192 bits. The number of indication bits in L1 signaling can be determined based on the configuration. For example, if across all the configured TRS resource sets, only 4 bit locations are configured to be associated, then the actually used indication bits can be the first 4 bits out of the 6 bits.
· Option 2: in the SIB, configure the associated SSB(s), e.g. a list of associated SSB indexes, for each indication bits. As an example, a 64bits bitmap can be configured for each indication bit to indicate the associated SSB(s), 6*64=384 bits overhead are needed. The number of indication bits in L1 signaling can be determined based on the number of configured bitmaps. For example, if only 4 bitmaps are configured, then the actually used indication bits can be the first 4 bits out of the 6 bits.
Comparing the above two options, option 1 seems to be better due to its smaller overhead. And in many cases, the configured TRS resource set(s) may be smaller than 64. 
Observation 5: For explicit configuration of association between an indication bit and the TRS resources set(s), it provide gNB with more flexibility with some signalling overhead:
Observation 6: Configuring the associated indication bit location in each TRS resource set in TRS-ResourceSetConfig would have smaller signalling overhead.
For the implicitly determination of association between indication bit and TRS resource set(s), there will be no additional signaling overhead for configuration. It is preferred to make the number of SSB index(es) associated with each indication bit to be balanced. As an example, the following method could be considered, where X is the maximum bitmap size (e.g. 6) and M is the number of actual transmitted SSBs to be indicated. The corresponding example is shown in Figure 5, where X=6 and M=64, the SSB indexes are mapped to the indication bits in an ascending order. 
· 
If, M-bit is used and there is a one-to-one mapping between each indication bit and each SSB index
· 




If, X-bit is used and in the first bits, each bit maps to SSB indexes; and in the last, each bit maps to  bits.
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[bookmark: _Ref86750605]Figure 5 example of mapping SSB indexes to indication bits
Observation 7: For implicit determination of the association between an indication bit and the TRS resources set(s), it may introduce limitation on gNB implementation but with no additoinal signalling overhead in SIB.
The disadvantage of the implicit way is the limitation on the gNB implementation. Therefore, we slightly prefer explicitly configurable way with minimized signaling overhead.
Proposal 6: [bookmark: _Ref86753859]For association between the indication bit and the configured TRS resource set(s) in TRS-ResourceSetConfig, introduce a parameter in each TRS resource set to indicate the indication bit location in the TRS availability indication field in paging DCI. 
The motivation to indicate the availability for all the beam directions in paging PDCCH is that UE may move to another beam at the next PO. However, PEI based indication, the best beam for the UE usually does not change since the time is short. So for PEI, the indication can be only for the same QCLed SSB index, which can reduce the overhead. Specifically, there are two options:
· Option 1: For PEI based indication, there is only one indication bit, and the one indication bit is only associated to the SSB for the current PEI monitoring occasion. In other words, the association method (as introduced in the above) is only for paging DCI, and is ignored for PEI. 
· Option 2: The same association method (i.e. the one for paging DCI) also applies for PEI. To reduce the signaling overhead, PEI can select the one indication bit that is associated to the same QCL reference as the current PEI MO. For example, the association method between 64 SSBs and 6 indication bits in paging DCI is shown in Figure 5. For the PEI monitoring occasion QCLed with SSB #11, the one indication bit in this PEI occasion indicates the TRS resources QCLed with SSB #11~SSB #21。
Comparing the above two options, option 2 is preferred by us since it follows the same design principle for both PEI and paging DCI.
Proposal 7: It is supported that only the one indication bit, which is associated with the same QCL reference (SSB index) to be present in PEI DCI.
· The same association method between SSBs and an indication bit is applied to both paging DCI and PEI
[bookmark: OLE_LINK23]Indicating some of the configured RS resources by mask window
One FFS point is whether the indication can for some of the configured RS resources. It is beneficial to indicate some of the configured RS resources, since it can provide a finer granularity and flexibility on gNB for L1 indication.
To enable this, a mask window can be defined. Only the TRS occasion inside a time window which is before the PO or close to the SS burst makes sense for the UE as the assistance TRS for power saving. There is no need to require the gNB to transmit assistance TRS in TRS occasions which is far away from a PO or the SS burst before the PO in time domain, considering it will not improve UE power consumption. 
The modification period and the mask window can perfectly work together. An example is shown in Figure 6, where gNB configures TRS0 and TRS1. Only TRS1 is located within the mask window before the PO for a specific UE (group), and TRS0 is far away from the PO. gNB can indicate the availability of TRS1 in the paging PDCCH every 4 paging cycles. TRS0 is not indicated since it is not used for the specific UE (group). The same design also applies to PEI, i.e. PEI can indicate the availability in the windows of the same indication period, where each window appears before a PO.
[image: ]
[bookmark: _Ref82524879]Figure 6 Illustration of indication period and validity window
The mask window can be defined by a starting position and an ending position. Between the end of the window and the starting of the PO, there can be a gap_end for UE to process TRS. For example, the gap_end can be 1 slot. The starting of the window should not be too far from the starting of the PO, otherwise the power saving gain is reduced. For example, the gap_start can be 6ms, which is based on the transition time of light sleep. 
With the mask window, the gNB indication for availability can be quite flexible, as illustrated by an example in Figure 7. Since the periodicity of a TRS is up to 80ms, between the two POs in adjacent paging cycles for the same UE, there can be multiple TRS occasions (for the same TRS resource) as shown in Figure 7(a). Without the mask window, if gNB indicates ‘available’ to the UE, gNB has to ensure the TRS is present at all the occasions. However, if the mask window is defined, gNB only needs to ensure the TRS is present at the occasion within the window (i.e. the pink one), and can choose not to transmit the TRS at other occasions (i.e. the yellow ones). Therefore, thanks to the mask window, the resource overhead can be reduced from gNB’s perspective. On the other hand, from UE’s perspective, the granularity of the indication can be finer. Specifically, while mapping between a bit to the TRS resources set associated with SSB index(es) is determined, the actual indicated TRS resource set(s) for an indication bit in TRS availability field can be further determined based on the mask window. As shown by the example in Figure 7(b), where RS#0~RS#2 are QCLed with SSB index #0~#2, respectively. If SSB index #0~#2 are associated to the same indication bit based on spec definition, for PO#0 the bit actually associated to RS#1 (i.e. SSB index #1) only, and for PO#1 the bit actually associated to RS#2 (i.e. SSB index #2) only. 
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(a) From gNB’s perspective, the resource overhead for TRS can be reduced
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(b) From UE’s perpective, the granularity of the indication can be finer.
[bookmark: _Ref86161934]Figure 7 Using paging DCI or PEI to indicate the availability of assistance RS
During the email discussion in RAN1 #106-e, some companies had the question whether there is association between TRS resources and UE groups (in a PO). However, this can be known to the UE automatically. It was agreed in RAN1 #105-e that the periodicity of TRS resource can be {10, 20, 40, 80} ms. Note that the length of paging cycle (i.e. 320ms, 640ms, 1280ms and 2560ms) is an integer multiple of the periodicity of a TRS resource. Therefore, once a TRS resource is configured, the relative location relationship between the TRS occasion and a PO (for a particular UE group) is determined. In every paging cycle, the relative location relationship shall not change. The ‘association’ between TRS resource and a PO can be known to the UE, and actually does not need UE to dynamically determine the TRS occasions that need to be indicated. An example is shown in Figure 8, where the paging cycle is 320ms and the periodicity of RS1/RS2/RS3 is 80ms. RS1 and RS2 are useful for PO1, and RS3 is useful for PO2. It is observed that in every paging cycle, the time offset between a RS resource and a PO is not changed. So without losing any useful information, the paging PDCCH/PEI for PO1 can only indicate the availability of RS1 and RS2, and the paging PDCCH/PEI for PO2 can only indicate the availability of RS3.
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[bookmark: _Ref85641835]Figure 8 The offset between a periodic TRS occasion and a PO
Proposal 8: A mask window before the PO is supported, where paging DCI or PEI DCI based availability indication indicates the availability of TRS occasions which coincide the mask windows in the same modification period:
· The mask window before each PO is configured by an offset or defined in the specification; 
· The bit length of the TRS availability indication field is the same as that when the time window is not configured.
Indication of ‘unavailability’
It is FFS in RAN1#106bis that whether ‘unavailability’ is indicated by the opposite value of the indication bit other than the one used for ‘availability’ indication. Assuming value ‘1’ for an indication bit represents ‘available’, the value ‘0’ of the bit could represent ‘unavailable’ or ‘unchanged’ or ‘unknown’ technically. 
If value ‘0’ represent ‘unchanged’, a UE, who reselects the cell as the serving cell, may not be able to know the availability information though the L1 signaling. Unfortunately, the gNB could transmit the same ‘unchanged’ status for long time. In this case, there could be a large number of UEs which cannot utilize the TRS occasions for power saving. 
According to the following agreement, UE assumes TRS/CSI-RS is not present if the network does not indicate it is available. Accordign to the agreement, if UE is indicated by ’unknown’, UE assumes the TRS is not present, i.e., ‘unknown’ is equivalent to ‘unavailable’.
	Agreements:
For a cell with TRS/CSI-RS occasions configured for IDLE/Inactive UEs, IDLE/Inactive UE’s assumption on the availability of TRS/CSI-RS at the configured occasion(s) is informed to the idle/inactive UE based on explicit indication.
· FFS details (e.g., the signalling, detailed information for the TRS/CSI-RS, etc.)
· There is no intended blind detection of the presence/absence of TRS/CSI-RS at the UE side in this feature. That is, the UE assumes TRS/CSI-RS is not present if the network does not indicate it is available (or indicates it is unavailable).



Observation 8: Based on the agreement in RAN1#104, the availability state of ‘unknown’ is equivalent to ‘unavailable’.
So we support to indicate ‘available’ and ‘unavailable’ respectively for the two values of each bit in TRS availability indication field.
Proposal 9: Each bit in the TRS availability indication field indicate ‘available’ or ‘unavailable’ for the associated TRS resource(s).

In RAN1#105-e meeting, regarding the L1 based availability indication of assistance TRS the following working assumption were made [1].
	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.
· FFS whether and how to enable/disable L1 based availability indication configurable by SIB



And in RAN#93-e plenary, the following is agreed
	· Support PDCCH-based PEI as the only option
•       Only essential function for PEI is support
•      New DCI format
•      Higher layer configuration, including SS
•      Details of the procedures of PEI monitoring, and identification of MOs before PO
•      Only Behv-A (per RAN1#104e agreement) is supported 
•      If TRS availability indication is agreed to be supported in both paging DCI and the DCI format for PEI, same mechanism/principle for TRS availability indication is adopted for the two DCI formats
•      Supporting TRS availability indication in DCI format for PEI shall not delay the completion of essential functionality of PEI 



Size of the TRS availability indication field
It was agreed in RAN1#106bis, up to 6 bits can be used for the TRS availability indication field. Regarding the length of the bit field, it is closely related with how the indication bit associates with the configured TRS resource set(s). 
Based on the discussion made in section 2.2.1, there can be implicit mapping method and explicit configuration method to determine the association between each bit of ‘TRS availability indication’ field and the configured TRS resource sets. Table 2 summarizes how to determine the bit number of the field for each option for association mapping discussed in section 2.2.1. 
[bookmark: _Ref86752893]Table 2: The number of bit for availability indication in DCI
	Association method between TRS availability indication bit and the configured TRS resource(s)
	How to determine the number of indication bits

	Option 1 of explicit configuration: configure associated indication bit location in each TRS-ResourceSetConfig.
	The number of indication bits is counted across all the configured TRS resource sets.

	Option 2 of explicit configuration: configure associated SSB(s) for each indication bit.
	The number of indication bits is determined by the number of configured bitmap.

	Implicit determination method 
	
If , M-bit is used as the bit field length; otherwise X-bit is used, where X is the max number of indication bits of TRS availability indication field (e.g. 6), and M is the number of indicated SSBs.



Common mechanism with similar principle for PEI DCI and paging DCI
As discussed in the contribution, the proposed validity time duration, the association between the indication bits and the TRS resource(s) can be commonly used for paging DCI and PEI DCI. The Table 3 summarizes how the similar mechanism can be used for both paging DCI and PEI DCI:
[bookmark: _Ref86756025]Table 3: The common mechanism used for PEI DCI and paging DCI based indication
	
	PEI DCI
	Paging DCI

	Validity duration length
	Modification period configured in SIB X
	Modification period configured in SIB X

	Validity duration reference time
	Determined by the boundary of the modification period
	Determined by the boundary of the modification period

	Association between indication bit and TRS resources
	Either explicitly configured or implicitly determined. 
Note that the same association is shared by paging DCI and PEI DCI.
	Either explicitly configured or implicitly determined. 
Note that the same association is shared by paging DCI and PEI DCI.

	TRS availability indication field bit
	The number of bits, 1bit or multiple bits, depends on the DCI format used for indication where the association is the same.
	The number of bits, 1bit or multiple bits, depends on the DCI format used for indication where the association is the same.



Based on the table, it is proposed to discuss all the mechanisms for both paging DCI and PEI DCI. There is no need to do separate discussion. And we can confirm the working assumption:
Proposal 10: Confirm the whole working assumption, i.e.
· 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.
· FFS how to enable/disable L1 based availability indication configurable by SIB

Other aspects 
The following conclusion and working assumption were made in RAN1 #106bis-e [2].
	Conclusion
No consensus to support SIB based signaling for availability information of TRS/CSI-RS occasions for idle/inactive UEs.
Working Assumption
If TRS resource is configured in SIB, L1 based availability indication is always enabled based on the configuration. 



If SIB based indication is not supported, it is straight ward that L1 based availability indication for a TRS resource is enabled/disabled implicitly by the presence/absence of the configuration of the TRS resource in SIB. Thus we have the following proposal.
Proposal 11: Confirm the working assumption:
· If TRS resource is configured in SIB, L1 based availability indication is always enabled based on the configuration.
[bookmark: OLE_LINK17][bookmark: OLE_LINK27]Configuration of assistance TRS 
In RAN1 #106bis-e, the following agreement was made [2].
	Agreement
Configuration of TRS/CSI-RS occasion(s) for idle/inactive UEs include a list of one or more TRS resource sets, where:
        a TRS resource set can be configured to include
o   a set of TRS resources up to two consecutive slots,
  Note: a TRS resource is same as Rel-15/16, i.e. a CSI-RS in a symbol.
o   at least common configuration parameters:
  a QCL reference
  firstOFDMSymbolInTimeDomain,
  ‘frequencyDomainAllocation for row1’, ‘startingRB’ ,‘nrofRBs’,’powerControlOffsetSS’, periodicityAndOffset’
  FFS
        scramblingID,
        a TRS resource set ID, number of slots {1, 2} or number of symbols {2, 4} if supported
        Note: the ‘TRS resource set’ configuration is not (necessarily) identical to ‘NZP-CSI-RS-ResourceSet’ configuration for TRS in R15/16.




For the scramblingID, typically gNB can configure different scramblingID(s) for different NZP CSI-RS resources in the same CSI-RS resource set with TRS-info configured to reduce inter-cell interference for connected mode UE. Since the TRS transmitted for IDLE/INACTIVE UEs can reuse  the TRS resources transmitted for CONNECTED UEs, it is better to take it as a per resource parameter to avoid restriction on the TRS resource configuration for connected mode UEs.
Proposal 12: [bookmark: _Ref87029473]scramblingID is configured per TRS resource.
For TRS resource set ID, we don’t see a need to explicitly configure it. According to TS38.331 [4], when multiple resources (or resource sets) are configured, there is a ‘list’ to configure them. The order within the list can be taken as the index of the corresponding resource (or resource set) implicitly. In our view, such a design principle can be used for assistance TRS for IDLE/INACTIVE UEs. So neither explicit configuration index nor implicit index based on QCL source is needed.
In Rel-15/Rel-16 for CONNECTED UEs, the number of occupied symbols/slots of a TRS resource set can be implicitly determined by the number of NZP CSI-RS resources configured within the same resource set. Considering the scramblingID is anyway configured per TRS resource as proposed by proposal 12, the number of TRS resources within a TRS resource set can be known by the UE implicitly. Therefore, the number of slots/symbols of a TRS resource set for IDLE/inactive mode UE can be obtained similarly based on the number of configured TRS resource(s) in the TRS resource set. Therefore, we don’t see a strong need to introduce a common parameter of ‘number of slots {1, 2}’ or ‘number of symbols {2, 4}’
Proposal 13: TRS resource set ID, ‘number of slots {1, 2}’ and ‘number of symbols {2, 4}’ are not common parameters configured in a TRS resource set.
As analyzed in Section 2.2.1, the association between each indication bit and TRS resource(s) can be determined by configuring the associated indication bit for each configured TRS resource set. If the solution is adopted, another parameter ‘associatedIndicationBit’ would be needed as a common parameter per TRS resource set in the TRS-ResourceSetConfig.
Proposal 14: Support ‘associatedIndicationBit’ as a common parameter per TRS resource set in the TRS-ResourceSetConfig to support the association method proposed in Proposal 6.

[bookmark: _Ref129681832]Conclusions
According to the previous discussion, we have the following observations and proposals:
Observation 1: It is difficult on both gNB side and UE side to handle miss-detection of L1 signalling, considering gNB cannot know whether the L1 signalling is miss-detected by UEs and the UE cannot know whether an expected L1 signalling is miss-detected or just not transmitted by gNB.
Observation 2: If L1 indication during the same validity time duration can be inconsistent, the miss-detection of paging/PEI DCI would cause UE’s incorrect assumption on the availability of TRS occasions until the validity time ends, which needs to be considered into the availability indication design.
Observation 3: The sliding/float validity time duration causes gNB has no chance to change the TRS availability from ‘available’ to ‘unavailable’ for long time and causes more complicated gNB implementation. 
Observation 4: Alt1, Alt2 and Alt4 for defining reference point lead to ‘sliding’ solution, which may make gNB have no chance to change the availability.
Observation 5: For explicit configuration of association between an indication bit and the TRS resources set(s), it provide gNB with more flexibility with some signalling overhead:
Observation 6: Configuring the associated indication bit location in each TRS resource set in TRS-ResourceSetConfig would have smaller signalling overhead.
Observation 7: For implicit determination of the association between an indication bit and the TRS resources set(s), it may introduce limitation on gNB implementation but with no additoinal signalling overhead in SIB.
Observation 8: Based on the agreement in RAN1#104, the availability state of ‘unknown’ is equivalent to ‘unavailable’.

Proposal 1: The selected validity duration design needs to be robust to minimize the misalignment between gNB and UE caused by miss-detection of L1 signaling.
Proposal 2: The validity duration length is configured to be N default paging cycle length in SIB, where N is a value configured in {1, 2, 4, 8, 16, 32}.
Proposal 3: UE doesn’t expect inconsistent L1 based indication during the time duration.
Proposal 4: Adopt Alt.3 to use modification period as the validity during which the availability of assistance TRS(s) is assumed to be the same.
· The reference point is based on SFN configured by higher layer, i.e. modification period configured as multiple of default paging cycle duration
Proposal 5: When the time duration is not configured, the modification period is defined to be 1 default paging cycle by default.
Proposal 6: For association between the indication bit and the configured TRS resource set(s) in TRS-ResourceSetConfig, introduce a parameter in each TRS resource set to indicate the indication bit location in the TRS availability indication field in paging DCI. 
Proposal 7: It is supported that only the one indication bit, which is associated with the same QCL reference (SSB index) to be present in PEI DCI.
· The same association method between SSBs and an indication bit is applied to both paging DCI and PEI
Proposal 8: A mask window before the PO is supported, where paging DCI or PEI DCI based availability indication indicates the availability of TRS occasions which coincide the mask windows in the same modification period:
· The mask window before each PO is configured by an offset or defined in the specification; 
· The bit length of the TRS availability indication field is the same as that when the time window is not configured.
Proposal 9: Each bit in the TRS availability indication field indicate ‘available’ or ‘unavailable’ for the associated TRS resource(s).
Proposal 10: Confirm the whole working assumption, i.e.
· 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.
· FFS how to enable/disable L1 based availability indication configurable by SIB
Proposal 11: Confirm the working assumption:
· If TRS resource is configured in SIB, L1 based availability indication is always enabled based on the configuration.
Proposal 12: scramblingID is configured per TRS resource.
Proposal 13: TRS resource set ID, ‘number of slots {1, 2}’ and ‘number of symbols {2, 4}’ are not common parameters configured in a TRS resource set.
Proposal 14: Support ‘associatedIndicationBit’ as a common parameter per TRS resource set in the TRS-ResourceSetConfig to support the association method proposed in Proposal 6.


[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[1] [bookmark: _Ref57820751][bookmark: _Ref77061592]Chairman's Notes RAN1#105-e.
[2] [bookmark: _Ref82523108]Chairman's Notes RAN1#106bis-e.
[3] [bookmark: _Ref77698968][bookmark: _Ref77701536]RP-193239, “New WID: UE Power Saving Enhancements”, MediaTek.
[4] [bookmark: _Ref77701641][bookmark: _Ref83549109]TS 38.331, “NR; Radio Resource Control (RRC); Protocol specification”.
[5] R1-2108515, “moderator summary for TRSCSI-RS occasion(s) for idleinactive UEs”, Samsung.
image3.png
With availability No availability No availability No availability
indication in indication in indication in indication in
/paging DCI /paging DCI aging DCI Ipaging DCI

N & o ;
m i i v
R Rl ® R
st | st s
L Ll ] L
PO PO PO PO PO PO
Paging cycle

T
An modification period = 4 paging cycles




image4.png
TRS

PEIl| PO

Paging cycle | #n

TRS TRS TRS TRS TRS
Pﬂl Fﬂo PEI}| PO P’I_E‘I Fﬂo Pﬂl Fﬂo PEI|| PO
#n+1 n+2 #n+3 #n+4 n+5

Validity time *

>
)

I

An modification period = 1 paging cycles





image5.wmf
XM

³


oleObject1.bin

image6.wmf
XM

<


oleObject2.bin

image7.wmf
mod

MX


oleObject3.bin

image8.wmf
M

X

éù

êú

êú


oleObject4.bin

image9.wmf
(mod)

XMX

-


oleObject5.bin

image10.wmf
M

X

êú

êú

ëû


oleObject6.bin

image11.png
11 SSBs mapped 11 SSBs mapped 11 SSBs mapped 11 SSBs mapped 10 SSBs mapped 10 SSBs mapped
to bit#0 to bit#1 to bit#2 to bit#3 to bit#4 to bit#5




image12.png
With availability No availability No availability No availability
jindication in jindication in indication in /indi_cation in
/paging DCI paging DCI /paging DCI [paging [ole]

[

PO PO PO PO
Paging cycle

T
An modification period = 4 paging cycles




image13.png
RS outside the window can be transmitted

PO RS RS RS RS RS

One paging cycle




image14.png
PO#1

PO#1

PO#0




image15.png
RS1 RS2 RS3

; RS periodicity=80ms RS periodicity=80ms
fse offset3 I |:| I I |:| I Iﬂi‘a offset3
. : ,
oot ] \ Not used for PO1 and PO2 offeetd |

PO1 PO2 Paging cycle = 320ms




oleObject7.bin

image1.png
Different UE have
different paging cycle.
How to understand

availability in paging

DClhere? \





image2.png
TRS TRS TRS TRS TRS TRS

Paging DCI No paHging DCl Paging DCI No paging DCI No paging DCI ‘Pagini DCl
Paging cycle #n #n+1 #n+ #n+3 #n+4 #n+5 #n+6

Validity time < i





