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Introduction
In the RAN1 AH 1801 meeting, several relevant agreements were made. In this contribution, we will mainly discuss three remaining issues on paging and give some proposals on this. Based on the these relevant agreements and some offline discussions, left issues related RAN1 include:
· Issue 1: How to be compatible for other possible enhanced paging mechanism in Rel-15
· Issue 2: How to be perform association with actual transmitted SSB
· Issue 3: Contrast difference between multiple FDMed POs and multiple FDMed paging CORESET/CSS
Discussion
Compatible for other possible enhanced paging mechanism
	Agreements-1 in RAN1 AH 1801 meeting:
· NR supports a 1-bit in paging DCI to indicate whether the short message only or scheduling information only is carried in the Paging DCI
· The TP is endorsed as follows (7.3.1.2.1, 38.212)
-	PUCCH resource indicator – [2] bits as defined in section x.x of [5, TS38.213]
-	PDSCH-to-HARQ_feedback timing indicator – [3] bits as defined in section x.x of [5, TS38.213] 
If scrambled by P-RNTI, the following information is transmitted by means of the DCI format 1_0:
· Short Messages Indicator – 1 bit. This bit is used to indicate whether the short message only or scheduling information only is carried in the Paging DCI.
Agreements-2 in RAN1 AH 1801 meeting:
· DCI format 0_0 and 1_0 are monitored in CSS.
· In which case, the UE monitors the DCI format with CRC scrambled by C-RNTI, CS-RNTI (if configured), SP-CSI-RNTI (if configured), RA-RNTI, TC-RNTI, P-RNTI, SI-RNTI
Offline discussion during RAN1 AH 1801 meeting:
Possible working assumption:
· NR supports indication of future enhanced paging mechanism. 
· Note: The indication method will be decided in the next meeting.



Regarding issue 1, from agreement-1 and agreements-2, format 1_0 has been defined as paging DCI. Therefore, we take format 1_0 as assumption to discuss how to be compatible for other possible enhanced paging mechanism in Rel-15. After the discussion of the last meeting, there is still no conclusion, but from offline discussions during RAN1 AH 1801 meeting, as shown in possible working assumption that the indication methods will be decided in the next meeting, i.e., we could discuss different indication methods in this meeting. Noting that the three main methods to be mentioned are as follows and shown in the figure 1. 
· Method 1: via 1-bit explicit indication
· Method 2: via some reserved bit
· Method 3: via a different RNTI


Figure 1. Methods for indicating other possible enhanced paging mechanism
Method 1 is simple and direct way with a bit although one explicit bit is added into DCI payload. No additional overhead for method 2 due to reserved bit (s), such as HARQ process number, downlink assignment index etc when format 1_0 is used to transmit paging scheduling, but it is a little difficult to define directly which reserved bit (s) is used to indicate other possible enhanced paging mechanism due to the fact that there is too much uncertainty due to unfinished format 1_0. Also, no additional overhead and no additional blind detection for method 3, but multiple reserved RNTI values will be used, however, allocation of RNTI value should be decided by RAN2, thus, we think that method 3 could be decided by RAN1 and RAN2 together. Comparing different methods, we prefer method 1.
Proposal 1: The method via 1-bit explicit indication in format 1_0 should be defined to be compatible for other possible enhanced paging mechanism in Rel-15.
Association with actual transmitted SSB
	Agreements-3 in RAN1 AH 1801 meeting:
· The association between actual transmitted SSB and the monitoring window of PDCCH containing the Paging DCI and the broadcast OSI DCI can be respectively configured via RMSI.
· It is up to RAN2 on how to do the above configuration. Send an LS to RAN2 (R1-1801248, which is approved and final LS is in R1-1801280)
· The default association between SSB index and monitoring window of PDCCH containing a Paging DCI and a broadcast OSI DCI is same as that between SSB index and its RMSI monitoring window.



Regarding issue 2, from agreement-3, we can see that the association between SSB and paging monitoring window can be also based on actual transmitted SSB. From LS to RAN2, we think that two issues arise:
1) For RAN2, how to enable/configure actual based or default based
2) For RAN2, how to perform concrete actual based
Although they were up to RAN2 to solve, we do not also think that the 2nd issue should be up to RAN2, it should also be discussed in RAN1 like RMSI association in RAN1. We also think that it should not be complete redesign for actual based and should reuse the agreements for RMSI association in RAN1 as much as possible. Therefore, for the association between actual transmitted SSB and the monitoring window of PDCCH containing the paging DCI, in order to shorten the total length of time for monitoring window, only small change based on agreed RMSI association is needed. For example, the same formula for deducing RMSI monitoring window could be used to deduce paging and OSI monitoring window.


The UE determines an index of the first slot  as ,
-   i = j+offset, “i” is actual transmitted SSB logical index,
-   “j” is set element in the set that actual transmitted SSB indexes are one-to-one mapped into successive values starting from “0” in ascending order, set size is equal to the number of actual transmitted SSB,
-   “offset” is a configured index mapping offset or is equal to the first actual transmitted SSB index value.
Basing on the above mapping, without loss of generality, we assume L=8 and only SSB3 and SSB6 are actually transmitted. In this case, j={0,1} and index mapping offset=3, which results in i={3,4}. In other words, the paging monitoring window corresponding to SSB3 and SSB6 are the same as the RMSI monitoring window for SSB3 and SSB4. This is illustrated in the figure 2, “MW” represents monitoring window, and “red” represents actual transmitted SSB.


Figure 2. An example for the association between actual transmitted SSB and the monitoring window
On the other hand, two ways to obtain “offset” are described as the above. In order to avoid mapping paging CORESET into SS/PBCH block slot as much as possible, also flexibly avoid conflict between paging CORESET the semi-static configured time resource, a configured index mapping offset can be be added. Another simpler method is that the first actual transmitted SSB index value is directly used as fixed index mapping offset. Both of them have respective advantages and disadvantages. The former is more flexible but has signaling overhead due to configured index mapping offset, and the latter is just the opposite. However, for multiplexing pattern 1 between SSB and CORESET, there is a group offset now, i.e., their function is a bit the same. Thus, necessity of configured index mapping offset to achieve more flexibility is not high, thus, we prefer the latter. In addition, similar to paging DCI, the same preference can be seen for broadcast OSI DCI.
Proposal 2: For the association between actual transmitted SSB and the monitoring window of PDCCH containing the paging DCI and the broadcast OSI DCI, it should also be discussed in RAN1, like RMSI association. The mechanism for RMSI association should be reused as much as possible.
Proposal 3: For the association between actual transmitted SSB and the monitoring window of PDCCH containing the paging DCI and the broadcast OSI DCI, the same formula for deducing RMSI monitoring window could be used to deduce paging and OSI monitoring window.


The UE determines an index of the first slot  as ,
-   i = j+offset, “i” is actual transmitted SSB logical index,
-   “j” is set element in the set that actual transmitted SSB indexes are one-to-one mapped into successive values starting from “0” in ascending order, set size is equal to the number of actual transmitted SSB,
-   “offset” is equal to the first actual transmitted SSB index value.
Multiple FDMed POs and multiple FDMed paging CORESET/CSS
	Quote from 38.213 f00-10.1:
· “If a UE is configured for downlink bandwidth part (BWP) operation, as described in Subclause 12, the above configurations for the common search spaces apply for the initial active DL BWP. The UE can be additionally configured a control resource set for Type0-PDCCH common search space, Type0A-PDCCH common search space, Type1-PDCCH common search space, or Type2-PDCCH common search space for each configured DL BWP on the primary cell, other than the initial active DL BWP, as described in Subclause 12.”



Regarding issue 3, according to LTE paging, the maximum number of UEs included in paging record corresponding to each PO is 16. For NR, there are more beam sweeping overhead due to more POs needed if it is still assumed to be 16 in each PO when the number of paged UE is larger in a short period of time. In order to save beam sweeping overhead or solve paging capacity, multiple FDMed POs had been proposed to consider in the previous meeting. Note that it is not an issue that must be solved and it is an optimization issue although RAN2/RAN3 define the maximum number of UEs in a PO is still 16. However, this issue should be up to RAN2/RAN3 to discuss and decide. In other words, also no issue if RAN2/RAN3 define the maximum number of UEs in a PO can be larger than 16.
In addition, based on the above quoted contents, this implies that multiple FDMed paging CORESETs/CSS had been allowed, but there is obvious difference between multiple FDMed POs and multiple FDMed paging CORESETs/CSS. Concretely, each FDMed PO in a BWP will transmit paging from paged UEs in this PO, but one RRC_CONNECTED UE must switch from the current active BWP to another active BWP corresponding to its own FDMed PO when the UE do not work in the active BWP corresponding to its own FDMed PO if UE only can monitor in its own PO , and note that this will happen frequently and cause larger switching overhead. On the other hand, RRC_IDLE and RRC_INACTIVE UE need to switch from initial BWP to another BWP corresponding to its own FDMed PO when the UE do not access/attach in the BWP corresponding to its own FDMed PO. However, each FDMed paging CORESET/CSS in different BWP will transmit paging from all paged UEs in this time point, although each FDMed paging CORESET/CSS include more paging overhead due to the assuming that number of UE may be larger than 16 if RAN2/RAN3 finally give a decision like this, this implies that UEs need not to switch BWP frequently.
Proposal 4: There is currently no need to discuss multiple FDMed POs in RAN1, as it should be treated in RAN2/3 firstly.
Conclusions
In this contribution, we mainly discussed mainly discuss three remaining issues on paging CORESET configuration and paging DCI in a compatible manner, and we gave some proposals on this.
Proposal 1: The method via 1-bit explicit indication in format 1_0 should be defined to be compatible for other possible enhanced paging mechanism in Rel-15.
Proposal 2: For the association between actual transmitted SSB and the monitoring window of PDCCH containing the paging DCI and the broadcast OSI DCI, it should also be discussed in RAN1, like RMSI association. The mechanism for RMSI association should be reused as much as possible.
Proposal 3: For the association between actual transmitted SSB and the monitoring window of PDCCH containing the paging DCI and the broadcast OSI DCI, the same formula for deducing RMSI monitoring window could be used to deduce paging and OSI monitoring window.


The UE determines an index of the first slot  as ,
-   i = j+offset, “i” is actual transmitted SSB logical index,
-   “j” is set element in the set that actual transmitted SSB indexes are one-to-one mapped into successive values starting from “0” in ascending order, set size is equal to the number of actual transmitted SSB,
-   “offset” is equal to the first actual transmitted SSB index value.
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