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Introduction
In RAN1#92 meeting, the following has been agreed on Paging for NR design [1]:
Agreements:
· NR supports sending of short paging messages e.g. systemInfoModification, cmas-Indication, and etws-Indication if supported in NR, in the Paging DCI.
Agreements:
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.
In RAN1 NR-AH 1801 meeting, the following has been agreed on Paging for NR design [1]:

Agreements:
· 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:
· To adopt the TP for Section 5.1 of TS38.214:
When receiving PDSCH for RMSI or broadcasted Other System Info or paging the UE may assume that the DM-RS port of PDSCH is quasi co-located with the associated SS/PBCH block with respect to [spatial RX parameters].
Agreements:
· 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)
· 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.

In this contribution, we considered and discussed the remaining details for paging. Particularly, we discussed the compact DCI and SI update. We also discussed the aspects related to FDM of multiple POs, paging across BWP, CORESET configuration for paging and related issues. 

Paging CORESET and FDM of POs
So far for paging it has been agreed that, UE in RRC_IDLE and RRC_INACTVE state monitors paging/notification every DRX cycle in RAN2. UE monitors one paging occasion per DRX cycle. The length of DRX cycle is configurable. A default DRX cycle length is provided in system information. However, a UE specific DRX cycle length can also be provided to UE in dedicated signaling. The number of paging occasions in a DRX cycle is configurable and provided in system information. Paging occasion (PO) is the time interval over which a paging DCI and message is transmitted by gNB. For NR, a beam based design, the length of one PO in case of beam sweeping is one period of beam sweeping which may contain paging DCI and paging message. If multiple POs are configured by network in the DRX cycle, then UEs can be distributed to these POs based on UE ID. The UE can assume that the same paging message is repeated in all beams of the sweeping pattern. The PO is defined by the period in which the paging DCI can be sent (Type2-PDCCH). PO can be TDMed or FDMed with an SS block. Within the DRX cycle, the UEs derive a reference frame and relative to that a paging occasion based on the UE ID. Paging occasion can consist of multiple time slots (e.g. subframes or OFDM symbols). Multiple time slots could enable transmission of paging using a different set of DL TX beam(s) in each time slot, or could enable repetition. The number of time slots in a paging occasion is provided in system information
The CORESET for paging may be the same as or different from the common CORESET used for RMSI. In the previous meeting, it was however agreed that paging PDCCH monitoring window or search space may separately configured in RMSI. This configuration may allow adjustment of timing of the paging transmission within the slot and possibly multiplex different POs. TDM/ FDM transmission of SSB and paging when the SCS for paging is the same as data is agreed. As there are no minimum timing gap requirements between the SSB and the beginning of the paging DCI, the paging DCI may start together with the PSS in the SSB. A UE may record received samples of the relevant 4-symbol interval and, after detecting the SSB, use the available samples to extract the paging DCI from the common CORESET and the relevant search space. FDM transmission of SSB and paging in a simultaneous sweep is supported in NR for deployments where 2-symbol paging PDSCH coverage is sufficient. 
However, TDM/FDM of different POs may need to be discussed in RAN1. Configuration for the paging search space is a general search space configuration that also allows the configuration of the starting in any non-slot. For TDM of different POs the general principle may be adopted for search spaces is that the UE is only required to monitor one search space per slot in relation to one SSB, i.e. the same starting position is used in all slots. FDM may reduce the overhead especially in the case of beam-sweeping. Hence FDM for PO should be supported. However, if bandwidth (BW) for FDMed paging is higher than minimum supported BW for UE, gNB could be able to fall back to TDM POs. For FDM of different POs, different common search spaces definition may be used. In a different scenario, if the number of actually transmitted SSBs is high, reduction of the beam sweeping overhead using FDM for paging can be considered and used. Hence, there should be a flag or a configuration change to switch between FDM for PO and TDM for POs. 
Different options for FDMed POs are listed below:
· One paging CORESET configuration and multiple FDM search spaces:
· Paging should support different monitoring occasions than RMSI using modified definition for the second four bits of the RMSI CORESET configuration. 
· Different search spaces definition may be used for FDMed POs 
· Different search space definition can be derived from UE ID.

· Multiple FDM paging CORESETs:
· PRB offset may be assigned to different groups and indicated in RMSI. 
· PRB offset may be derived by the UE implicitly.




[bookmark: _Ref506558625]Figure 1 Example of FDMed POs

Figure 1 illustrate an example of multiplexing of multiple POs using FDM. In this example, we consider m = 3 (SCS 120KHz) for Slot3, the dark-blue represents SS/PBCH blocks. Paging CORESET and Paging message in PDSCH are shown in yellow and pink color respectively. Multiplexing pattern 3 defined for RMSI is used. In each CORESET there may be different search spaces allocated to different PO (In this case 4 PO are located in 4 search spaces). Similarly, PO may be FDMed between SS/PBCH Block, Paging CORESET and PM Data in different multiplexing patterns. 
Proposal 1: Multiplexing of POs using FDM should be considered. 

Compact DCI for NR Paging
It was agreed that PDCCH for paging will use DCI format 1-0. Contents of DCI format 1-0 and potential usage for paging are listed in. It is obvious that most of the fields agreed in the DCI format 1-0 are not needed for paging scheduling. These may be approximately ~17 bits. This may include parameters related to HARQ, Uplink Resource and TPC. These bits may be removed or reserved when defining compact DCI for paging. It should also be updated to include 1 bit for short Messages Indicator. This format may also be used for control information with similar needs like paging. Limited MCS may be used. 
It is agreed in RAN2 that NR adopts the LTE concept of modification period for SI update handling. SI update indication included in paging message is supported and compact DCI should also include a field for SI update. 
 
Table 1 Contents of DCI format 1_0
	Field 
	Bits
	Useful for Paging 

	Identifier for DCI formats
	1 bits
	Yes

	Frequency domain resource assignment
	
 bits
	Yes

	

	
	Yes

	Time domain resource assignment
	X bits as defined in Subclause 5.1.2.1 of [6, TS38.214]
	Yes

	VRB-to-PRB mapping
	1 bit according to Table 7.3.1.1.2-33

	Yes

	Modulation and coding scheme
	5 bits as defined in Subclause 5.1.3 of [6, TS38.214]
	5 

	NDI
	1
	No

	RV
	2
	No

	HARQ Proc 
	4
	No

	Downlink assignment index
	2 bits as defined in Subclause 9.1.3 of [5, TS38.213],
	No

	TPC command for scheduled PUCCH
	[2] bits as defined in Subclause 7.2.1 of [5, TS38.213]

	No

	PUCCH resource indicator
	3 bits as defined in Subclause 9.2.3 of [5, TS38.213]
	No

	PDSCH-to-HARQ_feedback timing indicator
	[3] bits as defined in Subclause x.x of [5, TS38.213]
	No 



We simulated compact DCI with 30 and 24 bits with 24 bits of CRC. CORESET with 1 OFDM symbol and AL of 8 and AL 16 were assumed. TDL-A channel with 30nS of RMS delay spread and 3kmph UE velocity were assumed. The BLER results for compact DCI show improves BLER performance (~1dB) and hence enhanced coverage. 


[image: ]
Figure 2 Compact DCI BLER Performance

[bookmark: _GoBack]Proposal 2: Compact DCI for NR Paging could be considered. 

BWP for Paging  
RAN2 has agreed UE acquires SI broadcast required for the connected mode UE from within the UE's active BWP, if it is provided. Paging is also provided in UE's active BWP as previously agreed. If it is not provided in the UE's active BWP, then the UE does not acquire SI broadcast from within that BWP. (i.e. The UE does not switch active BWP autonomously for reception of SI broadcast). 
It has been agreed that UE can and only need to monitor paging in an initial active DL bandwidth part of an associated cell-defining SSB. The network can decide how many cell-defining SSBs to transmit within a wideband carrier, depending on expected user capacity. Hence, if multiple SSBs are cell-defining, the BWP of these cell defining SSB is used for paging. 
If disproportionate number of UEs has one BWP as their initial active BWP then other, it might be difficult for gNB to balance the load. It also has been discussed that PDSCH for OSI and paging, especially in the cases of mini-slots occupying less number of symbol in time, may require higher bandwidth (e.g. bandwidth equals to RMSI CORESET + SS/PBCH block bandwidth or higher). 
Also, the bandwidth of FDMed PO should be confined within the UE minimum bandwidth. Paging bandwidth and BWP should be defined and this should be included as part of paging search space configuration.

Conclusions
In this contribution, we considered and discussed the remaining details for paging. We have the following proposals:
Proposal 1: Multiplexing of POs using FDM should be considered.
Proposal 2: Compact DCI for NR Paging could be considered. 
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Appendix A (Simulation Assumptions)

Table 2 Simulation Assumptions
	Parameters
	Value

	DCI payload (excluding 24bits CRC)
	40bits, 30bits, 24bits

	System bandwidth
	20MHz

	Carrier Frequency
	4GHz

	Number of symbols for CORESET
	1

	CORESET BW (contiguous PRB allocation)
	20MHz

	Subcarrier spacing
	30KHz

	Aggregation level
	Compact DCI study: 8, 16. PDCCH

	Transmission type
	Interleaved

	REG bundling size
	6

	Modulation
	QPSK

	Channel coding
	Polar code (DCI)

	Transmission scheme
	1-port precoder cycling

	Channel estimation
	2D MMSE

	Channel model
	TDL-A (delay spread: 30ns)

	UE speed
	3 km/h

	Number of BS antennas
	2Tx

	Number of UE antennas
	4Rx
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