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Introduction 
This paper discusses two issues:
· Enhancements to paging indication;
· Configuration and signaling of the availability of TRS/CSI-RS for paging reception.
Discussion
Enhancements to paging reception
In RAN1#103e, RAN1 has agreed that paging early indication (PEI) before paging occasion is supported from RAN1’s perspective [1]. If RAN2 adopts the same view, we think support for PEI should be a UE capability, as in principle all post-R15 features are optional. 
RAN1 agreement [1] also states that PEI is located before paging occasion (PO). As the purpose of PEI is to indicate to UEs whether they have pages, each PO should have an associated a PEI occasion. There is no exception since network does not know ahead whether none of UEs in a PO does not support PEI. Moreover, since PEI is shared between a group of UEs, it should be scrambled by a group-common RNTI. We think the legacy P-RNTI can be a good choice for that purpose.
Proposal 1.	If RAN2 agree to adopt PEI, RAN2 confirm that 
· Support for PEI is a UE capability;
· PEI is scrambled by P-RNTI and located at a configured location before each paging occasion. 
For UEs not capable of supporting PEI
For UEs not capable of supporting PEI, since cross-carrier scheduling for paging message is already supported since R15 (see TS38.213 and [2]), it is a viable option for those UEs to use it to save power. That is because if a gap (i.e. k0) of sufficient width is configured between paging DCI and paging PDSCH, those UEs can implement two-stage wakeup, i.e. UE consumes only a fraction of the power compared to legacy reception of paging DCI and paging PDSCH in the same slot. And it can help save additional power by skipping PDSCH if there is no paging message for it. These are the same exact techniques how PDCCH-based DCP saves power. 
RAN1’s evaluation study shows that cross-slot scheduling has less attractive power saving gains than those by PEI. We think the reason behind that difference is because of certain artifacts in the power model used in the study. For example, there is no power difference between PDCCH-only power with and without cross-slot scheduling, which clearly does not capture the real power consumption by UEs that implement two-stage wakeup. In actual implementations, we estimate that cross-slot scheduling for paging message can achieve power savings comparable to PDCCH-based PEI if network can schedule UE with a minimum k0 matching its implementation.
Another factor to consider is that it may take a while for PEI to reach wide deployment, like many other R16/17 features. Before that happens, cross-slot scheduling can be used as an interim solution to enable UE power saving.   
Observation 1.	Cross-slot scheduling for paging, which is a mandatory UE capability since R15, is still a good power-saving option for UEs not capable of supporting PEI or for all UEs before PEI reaches wide deployment.
Although cross-slot scheduling for PDSCH is a mandatory feature since R15, UEs may indicate in capability signaling whether they have been interoperability tested (IOT) or not [2]. A R17 UE capable of supporting PEI may also indicate it is not IOT for cross-slot scheduling. As a result, if network configures cross-slot scheduling, there can be potential coexistence problem if those two types of UEs (support vs not IOT) share the same PO and have pages at the same time. That is because network can’t schedule different PDSCH (k0=0 vs k0>0) with a single paging DCI. 
There can be different options to handle this issue. For example, when network enables cross-slot scheduling, it can configure a separate set of POs for UEs capable of cross-slot scheduling from rest of UEs. Then network always knows the right k0 to use when a UE is paged. Or, all UEs still share the same set of POs as in legacy, but network allocates a separate P-RNTI for UEs capable of cross-slot scheduling to use. When both types of UEs have page at the same time, network can use their respective P-RNTIs to send different PDSCH to them.  
Proposal 2.  	Network configures a separate set of POs or a separate P-RNTI for UEs that support cross-slot scheduling, when it uses k0>0 for PDSCH.
For UEs capable of supporting PEI
Since different UE implementations may require different number of measurements on SSBs in order to reliably decode PDSCH of its page, we think it is necessary for a UE to indicate the minimum gap between its PEI and its associated PO.  
Proposal 3. 	For a UE capable of supporting PEI, it reports a minimum scheduling offset between its PEI occasion and paging PDSCH as a UE capability.
Functionality wise, since PEI is similar to R16 DCP for C-DRX and WUS for eMTC/NB-IoT, it is sensible to have consistent network and UE behaviors between these two power saving procedures. More specifically, we think PEI should have the following properties:
· If no UE in a paging occasion has page or short message, then network does not send a PEI for that paging occasion. 
· If there is at least one UE group in which a UE has a page or short message, network should send a PEI to indicate that. If PEI is going to be sent and there is another UE group in which no UE has a page or short message, network should indicate no page for that UE group in the same PEI.
Proposal 4.  PEI has the following properties:
· If no UE in a paging occasion has a page or short message, then network does not send PEI for that paging occasion; 
· If there is at least one UE group in which a UE has page or short message, network should send a PEI to indicate that; 
· If PEI is to be sent and there is a UE group in which no UE has a page or short message, network should indicate no page for that UE group in the same PEI.
In addition, in RRC Connected, DCP does not schedule UE; it merely tells UE whether to wake up to monitor PDCCH in the next on duration or not. We think the same model should be followed by PEI as well, i.e. PEI merely tells UE whether to perform paging reception in the next PO or not. In addition, just like DCP, reception of a PEI instance should not be mandatory, i.e. even if network configures PEI, UE should still have the flexibility of skipping a PEI occasion if it chooses to.
Proposal 5.	Network sends paging DCI if there is at least one UE in that paging occasion has a page, regardless of whether PEI for the paging occasion is sent or not.
On the UE side, we think the following behaviors should be supported:
· At a PEI occasion, if PEI includes negative indication for UE or UE does not detect PEI, UE then stops and goes back to sleep state. 
· If UE successfully decodes PEI and the PEI includes a positive indication for the UE group that UE belongs to or a PEI occasion is invalidated, UE should perform legacy paging reception in the next PO.
Proposal 6. 	UEs capable of supporting PEI apply the following for PEI reception:
· If UE receives a PEI with positive indication for a page or short message for its group, UE performs legacy paging reception in the next paging occasion; 
· If UE does not detect a PEI or receives a PEI with negative indication for a page or short message, UE does not perform paging reception in the next paging occasion.
Configuration and signaling for TRS/CSI-RS
In RAN1-103e RAN1 agreed that [3]
	Agreements:
· SIB signalling provides the configuration of TRS/CSI-RS occasion(s) for idle/inactive UE(s).
· Up to RAN2 to decide which SIB is to be used.
· Whether or not to additionally support other high-layer signalling methods (e.g., dedicated RRC, RRC release message, etc.) is up to RAN2


As to the first open issue, our preference is not to include the configuration in MIB or SIB1, for the following reasons. Our understanding is that TRS/CSI-RS configuration is relatively static, so that UEs do not need to update it frequently. In addition, there is no strong latency requirement for UEs to obtain that configuration. On the other hand, space in MIB or SIB1 is more premium and is reserved for configurations most critical to UE’s access. Therefore, TRS/CSI-RS configuration should be signalled in a SIB other than MIB or SIB1. 
We think a possible SIB for consideration can be SIB11, which currently is used to signal R16 measurement configurations for UEs in RRC Idle/Inactive. Since the purpose of TRS/CSI-RS configuration is to provide configurations for UE to measure reference signals for its paging procedure, we think it is a good fit for SIB11.
Proposal 7. 	Configuration of TRS/CSI-RS should be signalled a SIB other than MIB or SIB1. SIB11 can be considered further.   
As to whether dedicated signaling should be supported, we do not think it is necessary. The intention of sharing TRS/CSI-RS with UEs in RRC Idle/Inactive is to improve efficiency in the use of network resources. Therefore, TRS/CSI-RS configuration should be shared with as many UEs as possible. Dedicated signaling is not the right approach to achieve that goal.
Proposal 8.  Dedicated signaling of TRS/CSI-RS configuration is not supported.
We think whether network should signal availability of a configured TRS/CSI-RS in its transmission occasion or not is a PHY-layer issue and hence should be left to RAN1 to decide. 
Proposal 9.	Whether network should signal availability of a configured TRS/CSI-RS or not should be left to RAN1 to decide.  
Conclusion
Based on the above analysis, we’d recommend RAN2 to discuss and adopt the following proposals:
Proposal 1.	If RAN2 agree to adopt PEI, RAN2 confirm that 
· Support for PEI is a UE capability;
· PEI is scrambled by P-RNTI and located at a configured location before each paging occasion. 
Observation 1.	Cross-slot scheduling for paging, which is a mandatory UE capability since R15, is still a good power-saving option for UEs not capable of supporting PEI or for all UEs before PEI reaches wide deployment.
Proposal 2.  	Network configures a separate set of POs or a separate P-RNTI for UEs that support cross-slot scheduling, when it uses k0>0 for PDSCH.
Proposal 3. 	For a UE capable of supporting PEI, it reports a minimum scheduling offset between its PEI occasion and paging PDSCH as a UE capability.
Proposal 4.  	PEI has the following properties:
· If no UE in a paging occasion has a page or short message, then network does not send PEI for that paging occasion; 
· If there is at least one UE group in which a UE has page or short message, network should send a PEI to indicate that; 
· If PEI is to be sent and there is a UE group in which no UE has a page or short message, network should indicate no page for that UE group in the same PEI.
Proposal 5.	Network sends paging DCI if there is at least one UE in that paging occasion has a page, regardless of whether PEI for the paging occasion is sent or not.
Proposal 6. 	UEs capable of supporting PEI apply the following for PEI reception:
· If UE receives a PEI with positive indication for a page or short message for its group, UE performs legacy paging reception in the next paging occasion; 
· If UE does not detect a PEI or receives a PEI with negative indication for a page or short message, UE does not perform paging reception in the next paging occasion.
Proposal 7. 	Configuration of TRS/CSI-RS should be signalled a SIB other than MIB or SIB1. SIB11 can be considered further.   
Proposal 8.  	Dedicated signaling of TRS/CSI-RS configuration is not supported.
Proposal 9. 	Whether network should signal availability of a configured TRS/CSI-RS or not should be left to RAN1 to decide.  
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