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1. Introduction

In RAN1#105-e, there are some agreements were made as follows [1]:
Agreement:

For UE subgroups indication in physical layer, maximum of 8 subgroups per PO is supported.

Conclusion:

To down-select one solution for PEI physical-layer channel/signal in RAN1 #106-e, using below as a starting point:
· PDCCH-based PEI
· SSS-based PEI

· TRS/CSI-RS-based PEI
Note: Additional details for each of the above 3 solutions are encouraged for more informed down-selection

Note: further refinement of the above list is possible, e.g., by merging/further splitting, depending on significance of the commonality and/or differences
Agreement:

Observation:
Dynamically sharing PDCCH resources of Rel-15 UEs (whether or not this is an important aspect to consider for PEI is FFS)

· For PDCCH-based PEI, 
· PEI can dynamically share resources with PDCCH for Rel-15 UEs within a PDCCH CORESET at granularity of one or more candidates 

· Exact number of multiplexed/impacted Rel-15 PDCCH candidates depends on AL used for PDCCH-based PEI and relative size of PDCCH CORESET, etc.

· For SSS-based PEI and for the case of partial overlap of CORESET and PEI

· For interleaved CORESET (such as CORESET#0), SSS-based PEI can dynamically share resources with PDCCH for Rel-15 UEs only at CORESET-level granularity

· For non-interleaved CORESET, SSS-based PEI can dynamically share resources with PDCCH for Rel-15 UEs within a PDCCH CORESET at granularity of one or more candidates

· Exact number of impacted Rel-15 PDCCH candidates depends on relative size and location of PDCCH CORESET, etc.

· For TRS/CSI-RS-based PEI and for the case of partial overlap of CORESET and PEI

· For interleaved CORESET (such as CORESET#0), TRS/CSI-RS-based PEI can dynamically share resources with PDCCH for Rel-15 UEs only at CORESET-level granularity

· For non-interleaved CORESET, TRS/CSI-RS-based can dynamically share resources with PDCCH for Rel-15 UEs within a PDCCH CORESET at candidate level granularity

· Exact number of impacted Rel-15 PDCCH candidates depends on CSI-RS mapping pattern, relative size and location of PDCCH CORESET, etc.)
Agreement:
For paging indication to the subgroups in a PO,

· For PDCCH-based PEI, subgroups in a PO are indicated by one PEI

· One bit in the DCI payload indicating one UE subgroup is supported 

· FFS: Whether code-point based mapping is utilized, and, if so, how to map to the subgroups in a PO

· For SSS-based PEI, subgroups in a PO are indicated by a set of sequence realizations

· FFS: Sequence mapping design for supporting up to 8 subgroups per PO

· Physical-layer configuration(s) and sequence generation design are subject to no impact to initial access and RRM measurements of legacy UEs

· For TRS/CSI-RS-based PEI, subgroups in a PO can be indicated by the following alternatives

· Alt 1: One TRS sequence with orthogonal cover as PEI transmitted in the PEI monitoring occasion where one orthogonal cover of the PEI indicates one subgroup or combination of subgroups

· FFS: Design details for the orthogonal cover

· Alt 2: A set of TRS sequences indicating the subgroups with one selected sequence transmitting in one TRS resource 

· FFS: Sequence mapping design for supporting up to 8 subgroups per PO and combination of subgroups 

· Alt 3: Multiple TRS/CSI-RS resources FDMed/TDMed /CDMed in the same monitoring occasion where one TRS/CSI-RS resource indicates one subgroup

· Reuse Rel-15/16 CSI-RS FDM/TDM/CDM patterns for supporting up to 8 subgroups per PO

· Note : It is RAN1 understanding that Physical-layer configuration(s) for paging early indication to the subgroups is subject to the same idle-mode reception bandwidth as CORESET-0 frequency span
In this contribution, the remaining issues on Paging enhancements for power saving are discussed.
2. Paging early indication for paging reception

UE needs to monitor paging occasions (PO) to check whether there is paging DCI or not in RRC idle/inactive mode. If the PDCCH is successfully decoded, UE receives the PDSCH to check whether it is paged or not. When the UE is not paged, it will cause higher power consumption for the unnecessary reception of paging DCI and the SSB processing for synchronization. Paging early indication before paging occasion is supported. The candidate signal/channel for PEI include DCI, SSS and TRS/CSI-RS, and several agreements PEI candidate designs were made in last meeting.
2.1 Association between PEI and PO
Network can configure more than one PO per Paging Frame (PF), if each PEI corresponds to one PO, there will be a lot of individual PEIs which will increase the PEI overhead. In Rel-15/16, one WUS can associate with one PO or multiple POs. The similar one-to-many association can also be introduced for NR PEI to reduce PEI overhead. Considering the flexible configuration of PO and PF supported by the specification, the number of POs associated with one PEI can be configurable by network to adapt to different deployment scenarios. In another way, the number of POs associated with one PEI in specification can also be pre-defining to reduce the signaling overhead.
Proposal 1: One-to-one and one-to-many mapping between PEI and PO should be supported.
For idle/inactive-mode UE, time-frequency synchronization may be lost during DRX inactive duration. Before UE starts monitoring paging PDCCH during paging occasions, UE may wake up earlier for time-frequency synchronization recovery. SS/PBCH block can be used for this purpose, since no RS is configured for idle/inactive-mode UE. It is up to UE implementation on time-frequency synchronization recovery. However, this recovery may take few SSB bursts before a paging occasion are decodable for a UE. The tracking on multiple SSB bursts may further increase the overall power consumption for decoding a paging. 

In RAN1#103-e, the power saving gain assuming 1~3 SS burst for synchronization before PO reception were evaluated. It is observed that the power saving gains are dependent on the assumptions about placement of PEI and PO relative to SSB. The earlier the PEI is transmitted relative to PO, the more power saving gain UE can achieve. The requirement on the number of SS burst for synchronization before PO reception is related to UE implementation and SINR condition. It is also related to the requirement of paging early determining before PO. Network can configure the latency between PEI and target PO to tradeoff between UE power saving gain and network paging early determining requirement. For a target PO, UE can determine the resource carrying PEI through two configured time offsets. The offsets indicate a time duration before target PO where the UE starts and stop monitoring PEI. As shown in the following Figure 1, network configures PEI-offset1 and PEI-offset2 for UE to determine the time duration of PEI monitoring. 
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Figure 1 PEI monitoring time before PO
Proposal 2: Time offset parameters are configured for UE to determine a time duration before target PO where the UE starts and stop monitoring PEI.
The PDCCH carrying Paging DCI is transmitted at multiple PDCCH monitoring occasions of a PO. Same as other signal/channels transmitted in the idle/inactive mode, PEI should also be transmitted over N>1 occasions, where each occasion can be associated with the PDCCH monitoring occasion of the target PO. Figure 2 illustrates an example of the mapping between PEI monitoring occasion and PDCCH monitoring occasion.
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Figure 2: Illustration of multi-beam transmission of PEI
Proposal 3: Support N>=1 PEI monitoring occasions per PEI transmission, where each monitoring occasion is associated with a PDCCH monitoring occasion of the target PO.
2.2 UE subgroups information 
In RAN1#104-e, the following was agreed [2]. 
	Agreements:
· Carrying UE subgroups information is considered in physical layer design for paging enhancement 



In this scheme, UEs monitoring the same PO are divided into subgroups, and the network needs to indicate whether a subgroup of UEs needs to monitor the paging message. The issue of sub-grouping for paging has been discussed during previous release, such as Rel-15. The main discussion happens in RAN2 group. In RAN1, considering the discussion on the design of paging early indication, the subgroups paging indication can be carried in paging early indication. 

If UE/PO sub-grouping paging indication is in a sequence, e.g., TRS-based PEI and SSS-based PEI, it will use different sequences for different UE subgroups in the indicator. Since each sequence carries only one bit of information, in order to allow paging of different UEs subgroups at the same time the sequences, at transmission time, need to be time and/or frequency multiplexed. To represent all paging combinations, candidate sequence number will exponentially grow with the targeted PO/UE sub-group number.
If UE/PO sub-grouping paging indication is in DCI, e.g., DCI-based PEI, each DCI bit can be used to indicate one PO/UE sub-group. For DCI based indication, DCI format 2_6 or 1_0 can be enhanced to indicate sub-grouping paging early indication. Existing DCI format 2_6 has supported indicating wake-up signals to multiple UE sub-groups. For DCI format 1_0 scrambled by SI-RNTI, reserved bits can be used to indicate sub-grouping specific PEI. And PDCCH signal can carry more information whereas a sequence-based transmission may not.
In addition, in the RAN1#103-e meeting, sub-grouping on Paging DCI is also studied, it is clearly subgrouping on Paging DCI can provide marginal power saving gain about 0.3 - 1.1%. It is not necessary to further study the subgrouping on Paging DCI.
Proposal 4: The sub-grouping indication is supported by PEI, while sub-grouping indication by paging PDCCH is not supported.
2.3 Support of Behv-A and/or Behv-B
The required UE behavior when UE does not detect PEI will cause fundamental difference to the performance metrics. The following UE behaviors are considered in PEI candidate designs:
· Behv-A: UE is not required to monitor PO if UE does not detect PEI for the targeted PO
· Behv-B: UE is required to monitor PO if UE does not detect PEI for the targeted PO
As to power consumption, Behv-A/B has almost the same power consumption from the UE side, since no matter how, UE has to check PEI every time. If group paging rate per PO is assumed as 10%, Behv-A has the lower power consumption than Behv-B from the gNB side. 

When miss detection happens, for Behv-A, UE would miss the paging DCI in PO, and gNB need to do re-paging in the next DRX cycle, it will cause extra delay and extra power consumption from gNB side, but it will not cause extra power consumption from UE side. For Behv-B, UE is required to receive PO unnecessarily, it will cause extra power consumption from UE side.

When false detection happens, which is with little probability, for Behv-A, UE is required to receive PO unnecessarily, it will cause extra power consumption from UE side. For Behv-B, UE would miss the paging DCI in PO, gNB need to do re-paging in the next DRX cycle, it will cause extra delay and extra power consumption from gNB side, and it will not cause extra power consumption from UE side.

	
	gNB
	UE
	delay

	Normal status

(10% group paging rate per PO)
	Behv-A has the lower power consumption than Behv-B
	The same power consumption for Behv-A and Behv-B
	-

	Miss detection happens
	Behv-A has extra power consumption
	Behv-B has extra power consumption
	Behv-A has extra delay

	False detection happens

(which is with little probability)
	Behv-B has extra power consumption
	Behv-A has extra power consumption
	Behv-B has extra delay


The transmission of PEI is mainly for UE power saving purpose, which is at the cost of network resource overhead and energy efficiency. With considering resource overhead and the flexibility of network, it will be reasonable to allow PEI discontinuous transmission (DTX) for the case when there is no UE will be paged in a PO. Thus, Behv-A is essential and more suitable.
Proposal 5: Behv-A should be considered in PEI designs.

2.4 Support of PEI candidates
In RAN1#103-e, it was observed UE sub-grouping indication carried in paging early indication can provide additional power saving gains [3]. If UE sub-grouping indication in SSS or TRS/CSI-RS based PEI, several sequences or RS resources should be defined to indicate UE sub-grouping information. And it is difficult to carry a large number of sub-grouping indication by SSS or TRS/CSI-RS. It will require more blindly detecting complexity, and additional standard efforts, e.g., sequence definition and resources. 
For the SSS or TRS/CSI-RS based PEI, one or several sequences or RS resources should be defined to indicate UE whether to monitor PDCCH scrambled with P-RNTI at the PO. It is not easy to reuse legacy SSS or TRS/CSI-RS for PEI, since they are usually semi-static configured for specific purpose. It is hard to dynamically indicate PEI before each PO through different sequences or RS on/off detection. New RE resource should be defined to carry SSS or TRS/CSI-RS for PEI, which may bring additional overhead. The time-frequency resource of the signal should be carefully considered to avoid backward compatibility issues.
For DCI-based PEI, it is much easier to use PEI to carry sub-group indication, each bit in PEI can indicate a subgroup, and also can carrying TRS/CSI-RS availability information, ETWS, etc. DCI-based PEI has much less spec impact and less gNB/UE implementation impact, it can mostly reuse the current specs on the PEI design itself and coexistence. DCI-based PEI has better co-existence with other signal/channel, it can be transmitted in CORESET which can well co-exist with other channel/signal by nature according to the current spec.
Taking the above analysis into consideration, in our view, SSS or TRS/CSI-RS based PEI are not preferred.
Proposal 6: DCI-based PEI is preferred for paging early indication.
In Rel-16, DCI format 2_6 is introduced to carry power saving signal. It indicates whether UE should monitor PDCCHs during corresponding cDRX on duration. For the idle/inactive-mode UE, it has to wake up periodically for paging PDCCH monitoring during paging occasions. Paging early indication before a target PO is to indicate UE whether to monitor PDCCH scrambled with P-RNTI at the PO. As already agreed in RAN1#102-e, DCI based PEI include [4]:

· DCI-based indication, e.g., based on 

· Extending existing DCI format 1_0 or 2_6 

· New DCI format

For the design of DCI based PEI, one issue to be considered is resource overhead of PEI. For idle/inactive-mode UE’s paging, beam sweeping is needed for paging indication transmission, which is also needed for PEI transmission. The resource overhead will be high if new PDCCH search space is defined for PEI. Therefore, in our view, it is desirable to reuse legacy PDCCH. For connected-mode UE, PDCCH search space can be configured UE-specifically. The reliability and backward compatibility are guaranteed with PDCCH based power saving channel. For idle/inactive-mode UE, only common search space set are configured for paging, SIB, RAR receptions. It is not feasible to configure search space set for an idle/inactive-mode UE individually. If DCI based paging early indication for idle/inactive-mode UE is supported, existing PDCCH CSS set can be used for paging early indication delivery. For example, the PDCCH CSS set for paging early indication can share the Type0-PDCCH CSS set. The PDCCH CSS set can also be informed to idle/inactive-mode UE through SIB or RRC signaling. This mechanism is similar to the case of Type0A-Type2 PDCCH CSS set in Rel-15. No backward compatibility issues are foreseen.

Observation 1: The beam sweeping of PEI transmission requires large resource overhead. 

Observation 2: Reusing legacy PDCCH CSS set for PEI delivery has no backward compatibility issue. 

Proposal 7: Legacy PDCCH CSS set can be reused for paging early indication delivery to reduce resource overhead.

For the DCI format of DCI-based PEI, new or legacy DCI format can be considered. It is desired to reuse existing DCI format for less standard efforts. The fields in the existing DCI format can be re-interpreted to carry paging early indication, if needed. The DCI format 2_6 and 1_0 can be considered as candidates for paging early indication delivery. 

DCI format 1_0 can be reused for PEI. For the DCI format 1_0 scrambled by SI-RNTI, it is carried in Type0-PDCCH for scheduling SIB1 transmission. It is transmitted with 20ms periodicity for FR1, and with same periodicity as SSB for FR2. There are 15 reserved bits in DCI format 1_0 scrambled by SI-RNTI in Rel-15. They can be reused to carry PEI information. No new PDCCH resource is needed for PEI delivery. Type0-PDCCH transmission supports beam sweeping, since it is associated with SSB indexes. 

If DCI format 1_0 scrambled by P-RNTI is reused for PEI, it can be transmitted during the last PO before the target PO. Another way is that two search spaces are defined for monitoring DCI-format 1_0 scrambled by P-RNTI, one for paging indication and the other for paging early indication.  

For DCI format 2_6, it has been used as power saving signal to indicate PDCCH monitoring during corresponding cDRX on duration in Rel-16. It is straightforward to reuse DCI format 2_6 as paging early indication to indicate PDCCH monitoring during target PO with some change of parameter. But DCI format 2_6 is designed for connected mode UE, in which the bit segment for a UE can be dedicated RRC configured. Dedicated RRC cannot configure the bit segment for an idle mode UE, so there could be some standardization efforts to extend DCI format 2-6 from connected mode to idle mode. Thus, extending DCI format 2_6 to idle mode may be equivalent to design a new DCI format.
As discussed above, in our view, if DCI-based PEI is considered for idle/inactive-mode UE, reusing existing DCI format or specifying a new DCI format is also OK for us.

Proposal 8: Reuse the existing DCI format or specify a new DCI format for paging early indication, if DCI-based indication is considered.

3. Conclusions
In this contribution, the high-level concepts of paging enhancements for Rel-17 power saving enhancements are discussed. The following are observed.

Observation 1: The beam sweeping of PEI transmission requires large resource overhead. 

Observation 2: Reusing legacy PDCCH CSS set for PEI delivery has no backward compatibility issue. 

Proposal 1: One-to-one and one-to-many mapping between PEI and PO should be supported.
Proposal 2: Time offset parameters are configured for UE to determine a time duration before target PO where the UE starts and stop monitoring PEI.
Proposal 3: Support N>=1 PEI monitoring occasions per PEI transmission, where each monitoring occasion is associated with a PDCCH monitoring occasion of the target PO.
Proposal 4: The sub-grouping indication is supported by PEI, while sub-grouping indication by paging PDCCH is not supported.
Proposal 5: Behv-A should be considered in PEI designs.

Proposal 6: DCI-based PEI is preferred for paging early indication.
Proposal 7: Legacy PDCCH CSS set can be reused for paging early indication delivery to reduce resource overhead.

Proposal 8: Reuse the existing DCI format or specify a new DCI format for paging early indication, if DCI-based indication is considered.
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