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1. Introduction
At RAN#71, the new study item New Radio Access Technology was approved aiming to develop a new radio (NR) access technology to meet a broad range of use cases including enhanced mobile broadband (eMBB), massive MTC (mMTC), and ultra-reliable and low latency communications (URLLC) [1].
The new RAT will consider carrier frequency ranges up to 100GHz, e.g., a range of bands from 24 GHz – 40 GHz and 66 GHz – 86 GHz are currently being considered. At higher carrier frequencies, beamforming is essential to compensate for path loss. In this contribution we discuss the beamforming aspects of paging transmission/reception in NR.

2. Discussions
2.1 Paging in LTE
In LTE a UE monitors one paging occasion (PO) in a specific paging frame (PF) per DRX cycle. One PF is one radio frame which may contain one or multiple PO(s). There can be up to four POs in a PF. UE determines the PF and PO for its paging using the DRX parameters provided in system information.  
· PF is determined by the equation: SFN mod T = (T / N) x (UE_ID mod N)

· T = DRX cycle length (in terms of radio frame) of the UE

· nB: Total number of POs in a DRX cycle
· N: Number of PFs in a DRX cycle = min (T, nB)
· UE ID: IMSI mod 1024
· PO is determined by the equation: i_s = floor(UE_ID / N) mod Ns

· Ns = max(1, nB/T), which is the number of POs in a PF

· The mapping of i_s and subframe number (i.e., PO) in PF is pre-defined for each Ns value

· For example, the PO mapping table for FDD is shown below:

	
	i_s=0
	i_s=1
	i_s=2
	i_s=3

	Ns=1
	Subframe 9
	N/A
	N/A
	N/A

	Ns=2
	Subframe 4
	Subframe 9
	N/A
	N/A

	Ns=4
	Subframe 0
	Subframe 4
	Subframe 5
	Subframe 9


For example if T = 256 radio frames, nB = 4T; and UE ID = 1024 then PF and PO monitored by this UE is as shown in Figure 1.
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Figure 1: Example of Paging in LTE
Based on the above equations for PF and PO determination, it is observed that

Observation 1: UEs are distributed across several POs in the DRX cycle based on UE ID. Several UEs can be mapped to same PO.

In a PO, paging message is transmitted using PDSCH. PDCCH is addressed to P-RNTI if there is a paging message in PDSCH. P-RNTI is common for all UEs. So UE identity (i.e. IMSI or S-TMSI) is included in paging message to indicate paging for a specific UE. Paging message may include multiple UE identities to page multiple UEs.

Observation 2: Paging message is broadcasted (i.e. PDCCH is masked with P-RNTI) over data channel (i.e. PDSCH).

2.2 Paging in NR – Multi-beam Aspects
Paging Transmission
One transmission beam cannot provide the full cell coverage. Paging needs to be transmitted using the multiple transmission beams. If paging is transmitted using same design as LTE, i.e., using PDCCH and PDSCH, multiple subframes/beams are needed to transmit paging. Assuming a single beam in a subframe for a PO, PDCCH/PDSCH for paging are transmitted using different transmit beam by switching TX beam in each subframe as shown in Figure 2. 
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Figure 2: Paging Example in NR with Beamforming
The transmission resources remaining after resources consumed by paging in each subframe, may be only used for data scheduling for a UE in the direction of the transmission beam used for paging. Therefore user data scheduling becomes restrictive and inflexible in several subframes in a PO when paging is transmitted. Distribution of UEs across several paging frames in the DRX cycle similar to LTE may further aggravate the situation as this scheduling restriction will occur across several POs in the DRX cycle. Even at low paging load, if the UEs to be paged are mapped to different POs the scheduling restriction will occur.
Observation 3: In beamformed system, LTE based paging transmission design with TX beam sweeping leads to restrictive and inflexible scheduling in several subframes in a PO. Distribution of UEs across several paging frames in the DRX cycle similar to LTE may further aggravate the situation.
The number of subframes corresponding to POs in DRX cycle should be reduced to overcome the above issue. This can be done by transmitting paging using a new paging channel similar to BCH, broadcasted in the cell. The TX beams are swept at OFDM symbol level instead of subframe level. The paging channel can be FDMed with BCH to minimise the subframes where broadcast signals are transmitted using TX beam sweeping. By this means, the above mentioned problem of scheduling restriction in PO subframes can be alleviated.

Paging Reception
In order to receive the beamformed paging, UE has to monitor increased number of subframes for paging as PO consists of several subframes for TX beam sweeping. This leads to increased power consumption. This can be reduced if UE can determine the best DL TX beam using the broadcast signals such PSS/SSS/BCH and then monitors the subframe in PO corresponding to the best DL TX beam. This approach requires that UE knows the mapping between DL TX beams and subframes in PO.

In a beamformed system UE may also perform RX beamforming. If UE has N RX beams and paging is transmitted using a TX beam only once then UE has to wake up in advance before the PO to monitor the broadcast signals such as PSS/SSS/BCH/Beamformed RS, perform RX beam sweeping and determine the best RX beam. UE then uses this RX beam to receive paging in PO. This is shown in Figure 3. UE has to wakeup N*P time units before the PO where P is the periodicity at which broadcast signals such as PSS/SSS/BCH/beamformed RS are transmitted using full TX beam sweeping. This wakeup duration can be reduced if broadcast signals can be broadcasted frequently before the PO.
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Figure 3
Observation 4: The UE can use beam selection to reduce the number of received PO subframes, with extra power consumption on beam measurements.
Based on the above observations we propose the following:

Proposal 1: It is necessary to study the paging transmission/reception with beam sweeping
· Study mechanisms to minimize the total number of subframes for paging in DRX cycle, and reduce UE power consumptions
3. Conclusions
In this contribution, the paging transmission and reception design is discussed considering beamforming aspects. In summary, the observations and proposals are as follows:
Proposal 1: It is necessary to study the paging transmission/reception with beam sweeping
· Study mechanisms to minimize the total number of subframes for paging in DRX cycle, and reduce UE power consumptions
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