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1 Introduction
In the past meetings, the following agreements were reached in [1][2][3] as extracted below:
	Agreements in RAN1 #87:
· For paging in multi-beam operation, support beam sweeping for paging, and study the following methods:

· Alt-1: Multiplexing paging with SS blocks

· FFS: Details of paging 

· Alt-2: Adding another round of beam sweeping for paging 

· Note: Another round of beam sweeping is different from the beam sweeping of SS burst set 

· Other alternatives are not precluded

· Companies report their assumption for paging

Agreements in RAN1 #88:
· Support the paging channel design at least for RRC idle mode as follows:

· Paging message is scheduled by DCI carried by NR-PDCCH and is transmitted in the associated NR-PDSCH

· FFS: 

· Paging indication triggers UE beam reporting (if supported) 

· Opt-1: paging indication is in DCI

· Opt-2: paging indication is in non-scheduled physical channel

· How to indicate SI update if it is supported in paging 
Agreements in RAN1 #88bis:
· The search space of NR-PDCCH addressing the paging message can be configured by gNB

· FFS detailed signaling mechanisms
· FFS whether or not search space is shared for other usages



In this contribution, we provide the discussion and analysis to address above issues, in particular taking into account paging synchronization issue.  
2 Discussion
2.1 Timing/frequency tracking issue for paging reception
In order to monitor paging occasion, timing/frequency tracking is required in each DRX cycle due to timing/frequency drift, especially in a large DRX cycle case. In LTE system, always-on CRS is used for timing/frequency tracking in both RRC-Idle and RRC-Connected mode. But in NR system, there is no CRS-like RS considering backward compatibility and resource overhead reduction. In RRC-Connected mode, TRS is being discussed for timing/frequency tracking. However, there is no much discussion on timing/frequency tracking in RRC-Idle mode.

Using SS block for timing/frequency tracking in RRC-Idle mode is straight forward since SS block based measurement is required in RRC-Idle mode. Association relationship between SS block and PO should be avoided to support flexible PO density. PO location can be independent to SS block location, and timing/frequency tracking for receiving PO can be based on the adjacent SS block. Since SS periodicity is configurable and the maximum SS periodicity is up to 160ms, there can be a large time interval between PO and adjacent SS block, which may cause a new timing/frequency drift after resynchronization based on SS block. Assuming 5GHz carrier frequency, 0.16ppm/sec frequency drift, and 160ms SS periodicity, the new frequency drift is about 128Hz. Frequency offset tracking based on SS block in RRC-Idle mode is possible based on the simulation results in Figure 1 and Figure 2 in the appendix.

One necessary condition using SS block for timing/frequency tracking in RRC-Idle mode is that SS block and paging transmission should be QCLed. However, the QCLed condition may not be met considering network flexibility. For example, Paging and SS block may be transmitted from different TRPs or beams. Whether to support the case of non-QCLed between SS block and paging transmission needs to be justified. If non-QCLed case is supported, other RS needs to be considered for timing/frequency tracking. Considering the specification effort, TRS discussed in RRC-Connected mode can be directly reused for RRC-Idle mode. And, a different configuration on TRS periodicity and TRS density in time/frequency domain can be used for RRC-Idle mode since timing/frequency tracking accuracy requirement in RRC-Idle mode can be different from that in RRC-Connected mode.

Proposal 1: Frequency offset tracking for paging reception can be based on SS block if indicated or assumed as QCLed between SS block and paging.

Proposal 2: Justify whether to support the case of non-QCL for SS block and paging.
Proposal 3: If non-QCLed between SS block and paging is supported, TRS is considered for timing/frequency tracking.
2.2 Paging message type

In LTE, paging message will carry two types of information: SI change notification (aka. SI-paging) and UE record list (aka. Call-paging). Essentially, SI change notification is controlled by eNB to notify UE the change of SI whereas the UE record list is sent from CN via eNB to page the UE(s) for call arrival. Since SI-paging and Call-paging are determined by the different network entities, it is not necessary to multiplex them into one transmission. Considering the potential different periodicity for SI modification and UE call paging, it is beneficial to separate SI modification with the fixed payload size and UE call paging with variable payload size. Such separation can also help to optimize the paging transmission considering the different periodicity and payload size.

Proposal 4: Paging for SI change notification and paging for UE call arrival indication are transmitted separately with independent configuration.
2.3 Multiplexing of Paging and SS block

For the case of SI change notification, the paging period can be fixed/predefined in accordance with the modification period of SI. Such the restricted and fixed information for SI change notification can be just carried in the control channel like paging mechanism in LTE eMTC. Especially in case of multi-beam operation, paging for SI notification carried in the control channel can be easily TDM multiplexed with SS block or within SS block. 
On the other hand, in case of only SI-paging without UE record list in paging message under multi-beam operation, SI change notification carried in PDSCH may cause additional beam-sweeping than paging control channel, which is not an efficient approach.

Proposal 5: Paging for SI change notification is carried via control channel by multiplexing with SS block in TDM.

For UE call-paging, both control channel and data channel are preferred considering the variable payload sizes and potential large payload. To improve the transmission efficiency for the multi-beam case with potential wide bandwidth, it is preferred to assign more UEs to the same paging occasions so that the paging can be less happened and the paying transmission is more efficient while meeting the capacity requirements.
In this case, paging control channel can be multiplexed within SS block in TDM with paging detection assisted by sync channel in addition to DM-RS. Then paging data channel carrying UE record list is cross-slot scheduled by the control channel. The cross-slot scheduling allows UE to have sufficient time to switch to a larger bandwidth for PDSCH reception in case of larger TBS over the wider bandwidth transmission than SS block, which is illustrated in Figure 1.
If the bandwidth is allowed and supported by all UEs, the paging data could be considered for multiplexing with SS block in FDM manner, which can avoid extra beam-sweeping for the high frequency deployment.

Proposal 6: For UE Call-paging, the control channel is multiplexed with SS block in TDM. 

Proposal 7: If the bandwidth is allowed and supported by all UEs, the paging data could be considered for multiplexing with SS block in FDM manner. 

In case of single beam operation, paging control channel multiplexed with SS block in FDM may not be preferred since it may require UE to operate with a larger bandwidth to receive both SS block (e.g., for synchronization and mobility measurement) and paging control channel. And it also depends on the bandwidth supported by UE. 
In case of multi-beam operation, paging control channel multiplexed with SS block in FDM may help reducing the beam-sweeping time. However, it may increase UE power consumption in case of monitoring both SS block and paging control channel simultaneously in a large bandwidth. In this case, UE should monitor the UE paging control confined within the common bandwidth part including SS block.
Proposal 8: Paging control channel multiplexed with SS block in FDM is allowed only if the paging control is confined within the common bandwidth part supported by UE.
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Figure 1. Illustration for multiplexing of paging control/data and SS block
2.4 SI-Paging
In case of SI-paging carried by control channel, a bitmap or a group of valueTags can be carried to indicate which SI is updated, e.g., PBCH, essential system information and/or non-essential system information. So the idle UE can update the specific SI(s) by only monitoring SI-paging, which can save UE power to avoid unnecessary SI reading. In addition, SI-paging may also carry ETWS, and/or CMAS, same as LTE.

Proposal 9: SI-Paging should carry SI specific change notification and optionally ETWS/CMAS.  
Currently NR-PDCCH can carry up to 20 or 60bits information. It is sufficient to carry SI-paging information supposing there is no associated PDSCH to carry UE record list. Similar to Rel13 eMTC, SI-paging can be carried in NR-PDCCH if there is no presence of UE record list. That is, the bits in NR-PDCCH can be taken for indication of SI-paging information. In case of presence of UE record list, SI-Paging can be carried in PDSCH together with UE record list which are scheduled by NR-PDCCH. In this way, it can avoid SI-only paging with limited size is always carried in NR-PDSCH, which may lead to the unnecessary beam sweeping for both NR-PDCCH and NR-PDSCH. On the other hand, such flexibility of carrying SI-paging will not require the new NR-PDCCH format for avoidance of blind detection.
Proposal 10: In case of only SI change notification for transmission, it is carried by NR-PDCCH without the associated PDSCH. Otherwise, SI change notification is carried in PDSCH with UE record list scheduled by NR-PDCCH.
2.5 Response-driven paging

To reduce downlink overhead due to paging message transmission, the gNB may first transmit a paging indication for a group of UEs when at least one of the UE is to be paged. Then all UEs alerted by paging indication send random access request to the cells they camp on. The cell-level location and most suitable beam of each UE can be learned, and then the network can send paging messages more precisely, via unicast or multicast. The procedure is referred to as response-driven paging, and illustrated in the figure below.
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Figure 2. Response-driven paging procedure

While the network needs not to repeat paging messages on different beams and thus the overhead in the downlink is reduced, overhead in the uplink increases. The trade-off involves parameters such as total number of UEs, number of UEs to be paged, and the number of beams to be swept. Overhead comparison for normal and response-driven paging is illustrated by an example shown in Figure 3. 
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Figure 3. Normal vs. response-driven paging

In this example, there are 40 UEs in a “group” monitoring the same PO, among them 3 UEs are to be paged, and there are 8 gNB beams to be swept through. Assume that a UE identity in paging message and the paging response of a UE both occupy one resource unit. For response-driven paging, totally 43 resource units are used for paging response and paging message transmission. In contrast, for normal paging, 24 resource units are used for paging message transmission in a cell, and the number is multiplied if the paging message is also transmitted in other cells in the same TA/PA.

We observe that in some cases, response-driven paging reduces paging overhead.

Observation 1: Response-driven paging brings lower overhead due to paging message compared to normal paging, if (1) there is a high percentage of UEs to be paged in a group, (2) there are many gNB beams to be swept through, or (3) the number of cells in the same TA/PA is large enough.

While response-driven paging may be beneficial from overhead point of view, there are still some concerns.

· UE power consumption increases significantly due to the transmission of paging response.

· It is unclear how multiple idle-mode UEs transmit paging response on the same gNB beam. The mechanism, e.g., via random access or pre-scheduling, can be complicated or further increases power consumption.

· Format of paging indicator and the content of paging response need to be defined.

Considering the above concerns and the fact that paging load is usually not very heavy, we suggest paging with localization for paging overhead reduction, and postponing the discussion on response-driven paging to next release.

Proposal 11:
Response-driven paging is not supported in this release.

3 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: Frequency offset tracking for paging reception can be based on SS block if indicated or assumed as QCLed between SS block and paging.

Proposal 2: Justify whether to support the case of non-QCL for SS block and paging.
Proposal 3: If non-QCLed between SS block and paging is supported, TRS is considered for timing/frequency tracking.
Proposal 4: Paging for SI change notification and paging for UE call arrival indication are transmitted separately with independent configuration.
Proposal 5: Paging for SI change notification is carried via control channel by multiplexing with SS block in TDM.

Proposal 6: For UE Call-paging, the control channel is multiplexed with SS block in TDM. 

Proposal 7: If the bandwidth is allowed and supported by all UEs, the paging data could be considered for multiplexing with SS block in FDM manner. 

Proposal 8: Paging control channel multiplexed with SS block in FDM is allowed only if the paging control is confined within the common bandwidth part supported by UE.

Proposal 9: SI-Paging should carry SI specific change notification and optionally ETWS/CMAS.  
Proposal 10: In case of only SI change notification for transmission, it is carried by NR-PDCCH without the associated PDSCH. Otherwise, SI change notification is carried in PDSCH with UE record list scheduled by NR-PDCCH.
Observation 1: Response-driven paging brings lower overhead due to paging message compared to normal paging, if (1) there is a high percentage of UEs to be paged in a group, (2) there are many gNB beams to be swept through, or (3) the number of cells in the same TA/PA is large enough.

Proposal 11:
Response-driven paging is not supported in this release.
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Appendix

Table 1. Simulation assumptions for NR-PBCH evaluation
	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	5 MHz

	Beam configuration
	Single-beam

	Transmission scheme
	Single port 

	Sub-carrier spacing
	15 kHz

	Channel model
	5G_TDL_C

	Delay spread
	30ns

	UE speed
	3km/h

	Number of occupied OFDM Symbol
	2

	Channel coding
	Polar

	Modulation order
	QPSK

	DCI size
	20 bits

	CRC length
	19 bits

	Aggregation level
	4, 8

	Channel estimation
	Real

	Receiver algorithm
	2 RX MRC

	RS density
	1/6

	Frequency offset
	0Hz, 80Hz, 160Hz, 300Hz
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Figure 1. NR-PDCCH Performance with different frequency offset for AL=4
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Figure 2. NR-PDCCH Performance with different frequency offset for AL=8
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