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1	Introduction
In UE power savings WI for Rel-17 (latest WID in RP-212619, RAN#93), the following items were agreed regarding enhancements for idle/inactive-mode UE power saving.
1. Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
0. Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1, RAN3]
· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #102-e meeting
0. 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 this paper, we focus on means to provide potential TRS/CSI-RS available in the connected mode to idle/inactive mode UEs. 
2	TRS Availability Indication
In this part, we discuss L1 based availability signaling design. 
RAN1 made below working assumption and agreements in RAN1#106bis-e meeting. 
Working Assumption
If TRS resource is configured in SIB, L1 based availability indication is always enabled based on the configuration. 

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
 
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

We first discuss the time duration aspects.
The first issue is the applicable values for the validity duration or validity time in this contribution from here on. The validity time can be defined in terms of a number of default paging cycles (e.g. 10 default paging cycles), a number of DRX cycles or a duration (e.g. multiples of seconds). Among these alternatives, a number of default paging cycles is a better choice, since this is understandable to all the UEs (and simpler for NW to manage) even if some UEs have their own individually configured DRX cycles. Furthermore, when the validity time is not configured by gNB, among the suggested alternatives, we prefer Alt3, i.e., a default validity time in terms of a pre-defined number of default paging cycles, e.g., [10] default paging cycles. Both Alt1 and Alt2 may force the gNB to keep TRS ON for a long time, if the next paging DCI is far from the current one, and also in case of missing paging DCI leads to misalignment between UE and gNB which can impact the UE capability in decoding paging message successfully. Therefore, they should be avoided. 
As explained in our previous contributions, considering group paging rate of 10%, and the paging cycle of 1.28 Sec, the chance that there is a paging message in a PO within 40s~60s from the previous paging message is almost 1 (>99%). The duration within which there is at least one paging DCI in a PO would be smaller when the group paging rate increases. Therefore, a validity time in the order of 10s equivalent of default paging cycles provides a reasonable balance. Additionally, if PEI-DCI design also includes TRS availability bitfield, even more occasions are available for the UE to take advantage of the feature. Based on this discussion we suggest the applicable values for validity time to be in the range of [1,…,40] default paging cycles.
Regarding the fact that UE may receive inconsistent L1 based indication during time duration, we should clarify what is meant by inconsistent. For example, in case the UE is indicated that TRS is available for the next 10 paging cycles in one PO, and in the next one, it is indicated again that TRS is available for the next 10 paging cycles, this should be fine as the UE just understands that TRS is available 1 more cycle than before i.e. both indications are consistent. It is preferable to avoid an explicit ‘unavailability signaling’ bit in the DCI as that can lead to more cases where conflicts can occur – if the UE is only indicated availability via the DCI (as agreed so far), then the scope for receiving inconsistent information is reduced. 
As for the reference point, it should be the start of the SFN of the first PF associated with the current DRX cycle (e.g. where the UE received the paging DCI containing the TRS availability indication). Therefore, we prefer Alt2. 
Alt1 may not be a good solution, particularly if DRX cycle is long, and if TRS ON/OFF is dynamic, the NW may not be able to predict that much in advance that TRS would be turned ON. Most likely, NW may be indicating TRS availability when it has ongoing TRS transmissions already and hence postponing the assumption to next DRX cycle onwards can reduce opportunity for power savings, especially when the validity time is short.  
Alt 3 requires configuration of another unnecessary higher layer parameter. There are enough reference points based on existing parameters, and motivation for configuring yet another new parameter for same purpose seems unclear.
Alt4 can also be considered as a good solution, however, for the NW it is easier to predict/indicate/set the TRS availability referring to a more cell specific parameter such as DRX cycle rather than a more UE specific one like PF.
As an example, when validity time is 10 default paging cycles, if a paging DCI indicates TRS is available, UE can assume the TRS is available for the next 10 default paging cycles (including the current one). 
It should also be noted that the UE should assume availability from the point onwards from which the UE has received the indication (e.g. to avoid look back issues) – the reference point is considered as a reference relative to which the validity time is applied. For example, two POs within the same Paging Frame may have the same reference point. Figure 1 depicts an example of how TRS availability indication together with reference point and validity time works.

 
[bookmark: _Ref86911356]Figure 1 Example of reference point to be the SFN of the first PF of current DRX cycle

Figure 2 depicts an example of paging DCI based availability signaling with a validity time of 10 default paging cycles. 

 
[bookmark: _Ref68081205]Figure 2 An example of paging DCI based availability signaling with a validity time of 10 default paging cycles.

1. [bookmark: _Toc87041387]For L1-based TRS availability indication via a bitfield in Paging DCI, validity time is in units of defaultPagingCycle and allowed values are [1,…,40]. 
1. [bookmark: _Toc87041388]When validity time is not explicitly configured, default validity time duration is [10] defaultPagingCycle.
1. [bookmark: _Toc87041389]The reference point for validity time when paging DCI is used for availability indication is the SFN of the first PF associated with the current DRX cycle where UE receives the indication.

[bookmark: _Toc71665168][bookmark: _Toc79138878][bookmark: _Toc84013516]Miss detection of DCI is needed for the case when/if L1 command indicates unavailability and a UE missing such a command implies misaligned assumption between NW and UE. Regarding handling miss detection of paging DCI, no specific action is needed since the L1 command explicitly indicates availability, and if the UE does not receive L1 command indicating  availability, it cannot make any assumption on TRS availability. Moreover, as explained earlier, having an explicit unavailability indication in L1 command can also cause issues with managing consistency between availability and unavailability indication. 
Next, we discuss how the availability indication can be included in a paging DCI.
Bitfield within DCI
Currently, there are up to 6 reserved bits within Paging DCI, and there are a few more reserved in the short message indicator. Some of these bitfields can be configured for L1-based TRS availability indication. The bitfield and number of bits can be explicitly configured via higher layers, in this case SI. 
If bitmap approach is used, then if UE detects a Paging DCI with a particular availability indication bit set to “1” it can assume that the corresponding TRS (group of TRS) is available, otherwise not. As such, we can consider bit “0” as reserved, and thus explicit indication of unavailability is not needed. Non-availability is implicitly indicated by the time duration, i.e. UE cannot assume TRS are available after the indicated duration. For example, say the configured time duration is N,  if gNB indicates using ‘1’ in a Paging DCI (DCI1) that TRS is available from time X to X + N, and if gNB intends to stop TRS transmissions after time X + N, gNB should be able to transmit regular Paging DCIs (DCI2) at time X+1 with the bit set to 0 without implying non-availability from time X+1 to X+N.
Currently a maximum of 64 resource sets can be supported for TRS for connected mode UE, and the same upper limit can be reused for Idle UEs. Given the limited number of bits in DCI available for availability indication, grouping of TRS resource sets for the purpose of indication should be supported, including possibility to use different validity time per group.

1. [bookmark: _Toc87005586][bookmark: _Toc87007579][bookmark: _Toc71665175][bookmark: _Toc79138889][bookmark: _Toc84013528][bookmark: _Toc87041390]For L1-based TRS availability indication via Paging DCI, 
3. [bookmark: _Toc87041391]TRS resource sets can be grouped and there is one bit per group in the bitmap configured for DCI
3. [bookmark: _Toc87041392]A bit value“1” in the bitmap for a group indicates TRS is available for the TRS resources in the group for the configured validity time duration, and a bit  value“0” is ‘reserved’
3. [bookmark: _Toc87041393]the bitfield within the DCI is explicitly configured using a start position within the DCI and a length field where length field indicates the number of the configured groups
3. [bookmark: _Toc87041394]Supported number of groups = [1..6] 
3. [bookmark: _Toc87007587][bookmark: _Toc87041395]When the number of groups is 1, then all configured TRS resources can be belong to the single group. 
The grouping of TRS resource sets can be explicit or implicitly. For example, if there are 64 configured resource sets, and 4 groups are configured, then each bit can be mapped to 16 resoruce sets, based on the order of the resource sets (in higher layer configuration). For more flexibility in configuration, this can be explicitly configured through higher layer signaling. 

Multi-beam aspects
UEs in FR1 can be configured with up to 8 beams, and in FR2 up to 64 beams. If TRS availability for each beam is to be indicated separately, the DCI field size can increase a lot (e.g. 6 bits may be insufficient). Moreover, a UE typically monitors paging in the strongest beam or some of the strongest beams and not all of them, hence, it would be a waste to transmit the per beam TRS availability in all the transmitted paging DCIs or PEI. Furthermore, if the intention is to provide availability per resource set, the number of available bits in the paging DCI or PEI becomes a bottleneck. 
Therefore, in response to the agreement and FFS from last meeting, i.e., 
· 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
While it is OK to support indication for ‘all’ regardless of the number of beams (i.e. up to gNB configuration), typical use case for ‘all’ is when the specific number of beams is small, i.e. it is more suited that every paging DCI in a PO has the same TRS availability indication content when number of beams is small, e.g., [6] beams. 
Beam selective TRS availability signaling in DCI would provide benefit via some grouping of beams as well as DCI overhead reduction and can bring the advantages of both per individual beam and non-beam selective approaches together. The TRS availability indication in DCI detected in beam X is applicable only to the group of beams that beam X belongs to. Whether availability indication should be only the same QCL reference as the L1 availability indication, or all or some grouping approach, can be left to the NW implementation. When grouping is in place, all these options are possible. 
Indeed, the agreement can reflect the above beam selective approach, as in each paging occasion, the paging DCI is beam swept over the SSBs, and since TRS is associated with the SSB, even if not in every paging DCI, the indication is applicable to all beams, the UE in each paging occasion, can receive the information regarding the TRS availability of all resources in the beams that it is interested. 
An example indication with a validity time is shown below.
Table 1. Codepoint/bitmap indication within Paging DCI in beam group X.
	Bitfield (n) in Paging DCI 
	Indication

	0
	Reserved

	1
	TRS is present in configured TRS occasion(s) in beam group X (beam in which Paging DCI is detected) for next Y1 default paging cycles, 
Y1 is validity time configured by higher layers



1. [bookmark: _Toc71665176][bookmark: _Toc79138892][bookmark: _Toc84013530][bookmark: _Toc87041396]For L1-based TRS availability indication via Paging DCI, 
4. [bookmark: _Toc87041397]Support beam selective TRS availability indication, i.e., if UE detects DCI in a beam X, the availability bitfield in the DCI is associated to a group of beams corresponding to beam X. 
4. [bookmark: _Toc87041398]A single bit in the DCI is configured for indicating beam-based grouping availability.
4. [bookmark: _Toc71665177][bookmark: _Toc79138893][bookmark: _Toc84013531][bookmark: _Toc87041399]Beam-based grouping is configured via higher layers 

[bookmark: _Toc83942465]Below figure depicts an example of higher layer configuration of L1 based TRS availability, considering above aspects. 
[image: ]
[bookmark: _Ref71539412]Figure 3 Example of an L1 based TRS Availability Signaling Configuration.

3	Details of PEI-related TRS availability 
As PEI is decided to be based on DCI, there would be more bits available in PEI DCI and thus TRS resources can also be individually indicated since the DCI size is more flexible than a paging DCI (>6 bits available), or at least a finer granularity can be envisaged.  
Since not all UEs may support PEI, unnecessary configurability restrictions such as linking TRS availability to PEI support (like availability can be in either in PEI or in Paging DCI only) should be avoided. These two features can co-exist and that should be maintained to increase UE power saving potential.  Likewise, it should be left up to gNB implementation on whether TRS availability is configured in Paging PDCCH, PEI DCI or both. 
Most of the Paging DCI based availability principles can be reused for PEI-based TRS availability. Nevertheless, as for reference point, a more careful consideration is needed to define it well enough to work with PEI. 
In RAN1#106bis-e, the following FFS item was agreed, i.e., “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”. There is no difference in this case than paging DCI and we do not see the need to make such a differentiation – given this is last meeting to finish PEI design from RAN1 perspective, RAN1 should strive (as it intended in RAN1#106bis-e) to reuse the same principles for both Paging and PEI-DCI based TRS availability. The same arguments as for paging DCI to not be confined to the same QCL reference is valid here as well. 

1. [bookmark: _Toc87041400]For supporting TRS availability in the PEI DCI, following is supported : 
5. [bookmark: _Toc87041401]Configuration of the bitfield within the DCI via a start position within the DCI and a length field  - can be different from Paging DCI
5. [bookmark: _Toc87041402]Configuration of validity time
5. [bookmark: _Toc87041403]Reference point is the SFN of the first PF associated with the current DRX cycle where UE receives the indication.
5. [bookmark: _Toc87041404]Configuration of grouping (if explicit) of TRS resource sets - can be different from Paging DCI
5. [bookmark: _Toc87041405]Beam-based grouping – grouping/indication mechanism is same as that for Paging DCI (if configured)
[bookmark: _Toc67476099]4	Details of TRS occasions configuration 

The following agreement was made in RAN1#106bis-e with regard to TRS occasions configuration. 
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.

Figure 4 depicts an example of a TRS occasions configuration based on the optimizations discussed above. In the example below, the TRS resource set ID is the same as nzp-CSI-ResourceSetId in the current specifications, just specifically renamed to reflect that it is only applicable to periodic TRS. The resource set ID can be configured both explicitly and implicitly, e.g., based on the order of resource sets. Implicit configuration can be valuable in order to reduce the SIB size. 
Additionally, it is FFS if scramblingID can be the same or not for all the resources within the set. Currently, specification allows this parameter to be different within a set, and this is a NW deployment flexibility allowed from Rel-15 and adding a restriction forcing this to be the same for Rel-17 idle TRS can only reduce opportunity for power savings. If there is a need to optimize overhead further, it should be without limiting the flexibility for TRS sharing. 
Regarding the number of slots for TRS occasions, below is specification text for TRS (38.214). For FR1, the current specification is clear when 1 or 2 slots are used for periodic TRS and hence number of slots is not needed for FR1. For FR2, configuration allows both 1 or 2 slots, a parameter for number of slots can be introduced. 
For a NZP-CSI-RS-ResourceSet configured with the higher layer parameter trs-Info, the UE shall assume the antenna port with the same port index of the configured NZP CSI-RS resources in the NZP-CSI-RS-ResourceSet is the same. 
[bookmark: _Hlk25849405]-	For frequency range 1, the UE may be configured with one or more NZP CSI-RS set(s), where a NZP-CSI-RS-ResourceSet consists of four periodic NZP CSI-RS resources in two consecutive slots with two periodic NZP CSI-RS resources in each slot. If no two consecutive slots are indicated as downlink slots by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigDedicated, then the UE may be configured with one or more NZP CSI-RS set(s), where a NZP-CSI-RS-ResourceSet consists of two periodic NZP CSI-RS resources in one slot. 
-	For frequency range 2 the UE may be configured with one or more NZP CSI-RS set(s), where a NZP-CSI-RS-ResourceSet consists of two periodic CSI-RS resources in one slot or with a NZP-CSI-RS-ResourceSet of four periodic NZP CSI-RS resources in two consecutive slots with two periodic NZP CSI-RS resources in each slot. 

1. [bookmark: _Toc86840092][bookmark: _Toc87041383]For configuration of TRS occasions in FR1, there is no need to introduce RRC parameter for indicating number of slots. 
1. [bookmark: _Toc87041384]For the TRS used for connected mode UEs, specification allows scramblingID to be different among resources within a resource set, and the same flexibility should be ensured for TRS occasions for idle mode UEs.

1. [bookmark: _Toc87041406]For configuration of TRS resource set, 
6. [bookmark: _Toc87041407]TRS resource set ID can be implicit, e.g., based on order of the resource sets in the higher layer configuration.
6. [bookmark: _Toc87041408]Parameter scramblingID should be configured per resource in a TRS resource set. 
6. [bookmark: _Toc87041409]For FR2, introduce an optional parameter (twoSlotTRSforFR2) to indicate number of slots i.e. if twoSlotTRSforFR2 is configured/present, then the CSI-RS resources of the TRS resource set are in two consecutive slots, otherwise the CSI-RS resources of the TRS resource set are in one slot.

In the draft CR discussion, trs-Info for [TRS-ResourceSet] was discussed. For trs-Info, the field description from 38.331 is as below (trs-Info is in NZP-CSI-RS resource set), but that definition does not carry over to the newly defined [TRS-ResourceSet]. So, it should be discussed how to reflect the intended behavior for [TRS-ResourceSet]). This can be captured in field description of TRS resource set in the RRC parameter list.
From 38.331 : 
[image: trs-Info
Indicates that the antenna port for all NZP-CSI-RS resources in the CSI-RS resource set is same. If the field is absent or released the UE applies the value false (see TS 38.214 [19], clause 5.2.2.3.1).
]
An example TRS occasion configuration is shown below.

 
Figure 4 Example of a TRS occasions configuration in SIB.

Conclusion
In section 2, the following observations and proposals were made: 
Observation 1	For configuration of TRS occasions in FR1, there is no need to introduce RRC parameter for indicating number of slots.
Observation 2	For the TRS used for connected mode UEs, specification allows scramblingID to be different among resources within a resource set, and the same flexibility should be ensured for TRS occasions for idle mode UEs.

Proposal 1	For L1-based TRS availability indication via a bitfield in Paging DCI, validity time is in units of defaultPagingCycle and allowed values are [1,…,40].
Proposal 2	When validity time is not explicitly configured, default validity time duration is [10] defaultPagingCycle.
Proposal 3	The reference point for validity time when paging DCI is used for availability indication is the SFN of the first PF associated with the current DRX cycle where UE receives the indication.
Proposal 4	For L1-based TRS availability indication via Paging DCI,
a.	TRS resource sets can be grouped and there is one bit per group in the bitmap configured for DCI
b.	A bit value“1” in the bitmap for a group indicates TRS is available for the TRS resources in the group for the configured validity time duration, and a bit  value“0” is ‘reserved’
c.	the bitfield within the DCI is explicitly configured using a start position within the DCI and a length field where length field indicates the number of the configured groups
d.	Supported number of groups = [1..6]
e.	When the number of groups is 1, then all configured TRS resources can be belong to the single group.
Proposal 5	For L1-based TRS availability indication via Paging DCI,
a.	Support beam selective TRS availability indication, i.e., if UE detects DCI in a beam X, the availability bitfield in the DCI is associated to a group of beams corresponding to beam X.
b.	A single bit in the DCI is configured for indicating beam-based grouping availability.
c.	Beam-based grouping is configured via higher layers
Proposal 6	For supporting TRS availability in the PEI DCI, following is supported :
a.	Configuration of the bitfield within the DCI via a start position within the DCI and a length field  - can be different from Paging DCI
b.	Configuration of validity time
c.	Reference point is the SFN of the first PF associated with the current DRX cycle where UE receives the indication.
d.	Configuration of grouping (if explicit) of TRS resource sets - can be different from Paging DCI
e.	Beam-based grouping – grouping/indication mechanism is same as that for Paging DCI (if configured)
Proposal 7	For configuration of TRS resource set,
a.	TRS resource set ID can be implicit, e.g., based on order of the resource sets in the higher layer configuration.
b.	Parameter scramblingID should be configured per resource in a TRS resource set.
c.	For FR2, introduce an optional parameter (twoSlotTRSforFR2) to indicate number of slots i.e. if twoSlotTRSforFR2 is configured/present, then the CSI-RS resources of the TRS resource set are in two consecutive slots, otherwise the CSI-RS resources of the TRS resource set are in one slot.
 
[bookmark: _In-sequence_SDU_delivery]References
[Post-106bis-e-NR-NR_UE_pow_sav_enh-Core-38.214], Email dsicussion on 38.214 CR for Rel-17 UE power savings.
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