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Introduction
[bookmark: OLE_LINK272][bookmark: OLE_LINK273]In this paper, three issues are raised for discussion and decision. 
· Avoidance of Paging PDSCH reception for the connected UE  
· Same or different payload for Paging PDSCH across beams
· Paging PDSCH resource allocation
Discussion
Avoidance of Paging PDSCH reception for the connected UE
Recently, RAN2 LS shows the concern on skipping paging PDSCH reception for the connected UE in case of presence of both short messages and UE ID records in Paging. So far, it is unclear whether the (part of) short message (e.g., ETWS/CMAS indication and SI-updates notification) is carried in paging PDCCH or PDSCH in case UE ID records for idle mode UEs are also present. On the other hand, reception of the multiple PDSCHs for the connected UE in may cause the high complexity and cost. Especially, such simultaneous receptions of multiple PDSCHs may happen occasionally but the hardware design has to be over-dimensioned for such corner case. 
In RAN2, the following two agreements have been reached as below, which means 1-bit for system information change notification and 1-bit for the warning message covering both CMAS and ETWS (i.e., in total 2 bits information).
	Agreements
1:	Single bit is provided in paging message and in DCI (1 bit of the bit string provided by RAN1) to indicate system information change (i.e. no indication of SIB or SI message) . As a consequence the UE reads SIB1 to determine what has changed. For idle mode case the UE also reads MIB.



	Agreement
1	Single bit is provided in paging message and in DCI for warning messages (not a separate bit for CMAS and ETWS as previously agreed). UE immediately acquires warning messages after this indication.



In RAN1, it has been agreed that DCI format 1_0 will be used for Paging, i.e., no compact DCI for paging. Considering only 2 bits information and the sufficient reserved bits in DCI format 1_0, it should be fine to carry this 2-bits information always in paging DCI to reduce the UE cost and complexity by avoiding paging PDSCH reading for the connected UE. As shown in Table 1, there are at least 12 reserved bits available for usage.






Table 1. The fields of DCI format 1_0 for normal scheduling and Paging PDSCH scheduling
	Fields in DCI format 1_0
	DCI 1_0 for normal scheduling
	DCI 1_0 for Paging scheduling
	Comments

	Identifier for DCI formats
	1
	0
	 

	Frequency domain resource assignment 
	9
	13
	The minimum bandwidth (24 PRBs) is assumed 

	Time domain resource assignment 
	4
	4
	 

	VRB-to-PRB mapping 
	1
	1
	 

	Modulation and coding scheme 
	5
	5?
	To be corrected due to only QPSK for Paging PDSCH

	New data indicator 
	1
	0
	 

	Redundancy version 
	2
	0
	 

	HARQ process number 
	4
	0
	 

	Downlink assignment index 
	2
	0
	 

	TPC command for scheduled PUCCH 
	2
	0
	 

	PUCCH resource indicator 
	3
	0
	 

	PDSCH-to-HARQ_feedback timing indicator 
	3
	0
	 

	TB scaling
	0
	2
	To be confirmed for paging.

	Reserved bits
	0
	12
	At least 12 reserved bits remained.

	Total
	37
	37
	Same size wo compact DCI.



Besides, TB scaling for paging has been agreed as the working assumption. However, it is unclear on how to use it and the benefits. Referring to LTE, there is no such scaling applied for Paging PDSCH. Instead, it can be considered to carry UE ID into the paging PDCCH in case the payload is quite small.
[bookmark: _GoBack]Proposal 1: at least 2-bits information for SI-updates notification and the warning message (for ETWS/CMAS) is always carried in Paging DCI by using the reserved bits (>12 bits) in DCI format 1_0.
Proposal 2: 4 bits instead of 5 bits for MCS field in Paging DCI due to QPSK PDSCH.
Proposal 3: Change the working assumption to no support of TB scaling factor in Paging DCI for Paging PDSCH scheduling.

Same or different payload for Paging PDSCH across beams
For paging in Rel-15, beam-sweeping is used for paging control/data transmission. Even though there are some other mechanisms to enable beam-specific paging by the triggered UE beam reporting, it was agreed that they are precluded from Rel-15, i.e., no further enhancement for the paging mechanism in Rel-15. Therefore, there is no mechanism to support beam specific paging in Rel15. Furthermore, it is unlikely to reuse the same control and data channels in Rel15 for support the new paging mechanism due to confusion for the Rel-15 and the later release UEs. Thus, paging contents can be considered to be same across the different beams, which can provide the flexibility for soft combining of paging messages to improve the performance in some cases.
Proposal 4: In Rel-15, Paging messages carried in PDSCH are same for the different beams to provide the flexibility of soft combining for paging.

Paging PDSCH resource allocation
For Paging PDSCH allocation, the agreed RMSI PDSCH resource allocation as shown in Table 2 could be considered as the reference. In addition, the design for Paging PDSCH resource allocation should take into account power consumption for UE in the idle mode, especially with the beam-sweeping feature in NR. One potential solution is to enable the separated beam sweeping for the control and data channel by supporting cross-Nslots scheduling. UE can first decode Paging PDCCH and then decide whether/how to receive Paging PDSCH without buffering paging PDSCH. Since in the most cases that the UE are not paged, there is no need to receive the paging PDSCH for UE. Meanwhile, the gNB may also go to sleep for power saving in case of no Paging PDSCH for beam-sweeping. Therefore, such kind of separated beam-sweeping for paging control and data channels are beneficial for both UE and network. The solution can be implemented by supporting cross-Nslots scheduling. Referring to RMSI PDSCH table, the PDSCH transmission can be determined by K0 + N, where N are the number of slots or ms to enable the separated beam-sweeping. N can be 5ms or 10ms to secure that beam-swept Paging PDSCH is happened after beam-swept Paging PDCCH, as shown in Figure 1.
Table 2. RMSI PDSCH resource allocation
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Figure 1. Separated beam-sweeping for paging control and data channels
Proposal 5: NR supports the cross-Nslots scheduling to enable the separated beam-sweeping for Paging PDCCH and PDSCH
Proposal 6: The starting time for Paging PDSCH transmission is determined by K0+N, where N can be the number of slots or ms configured in RMSI.  

[bookmark: OLE_LINK52][bookmark: OLE_LINK53]Conclusion
In this contribution, we provided more discussion on aspects related to the paging design. Based on the discussion, the following proposals are given for consideration.
Proposal 1: at least 2-bits information for SI-updates notification and the warning message (for ETWS/CMAS) is always carried in Paging DCI by using the reserved bits (>12 bits) in DCI format 1_0.
Proposal 2: 4 bits instead of 5 bits for MCS field in Paging DCI due to QPSK PDSCH.
Proposal 3: Change the working assumption to no support of TB scaling factor in Paging DCI for Paging PDSCH scheduling.
Proposal 4: In Rel-15, Paging messages carried in PDSCH are same for the different beams to provide the flexibility of soft combining for paging.
Proposal 5: NR supports the cross-Nslots scheduling to enable the separated beam-sweeping for Paging PDCCH and PDSCH.
Proposal 6: The starting time for Paging PDSCH transmission is determined by K0+N, where N can be the number of slots or ms configured in RMSI.  
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Table 5.1.2.1-x: Resource allocation for PDSCH scheduled using CORESET #0 and multiplexing pattern 1
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