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1. Introduction
The SI proposal “New SID Proposal: Study on New Radio Access Technology” was approved in RAN plenary #71 [1] and updated in #73 [2].
Regarding beam sweeping, which is expected to provide effective coverage, especially for common channels and signals, following agreements were achieved in RAN1 #85.
· RAN1 studies both multi-beam based approaches and single-beam based approaches for these channels/signals/measurement/feedback
· Initial-access signals (synchronization signals and random access channels)
· System-information delivery 
· RRM measurement/feedback
· L1 control channel
· Others are FFS
· Note: The physical layer procedure design for NR can be unified as much as possible whether multi-beam or single-beam based approaches are employed at TRP at least for synchronization signal detection in stand-alone initial access procedure
· Note: single beam approach can be a special case of multi beam approach
· Note: Individual optimization of single beam approach and multiple beam approach is possible
· Multi-beam based approaches
· In Multi-beam based approaches, multiple beams are used for covering a DL coverage area and/or UL coverage distance of a TRP/a UE
· One example of multi-beam based approaches is beam sweeping:
· When beam sweeping is applied for a signal (or a channel), the signal (the channel) is transmitted/received on multiple beams, which are on multiple time instances in finite time duration
However, beam sweeping brings about new challenges in a multiplicity of respects, e.g. initial access, paging, RRM measurement, and etc. In this document, paging related issues are discussed in detail, and potential enhancements are also presented.
2. Discussion
As is well studied in the SI of channel model for frequency spectrum above 6 GHz [3], high frequency transmission suffers extremely severe path loss in the propagation. In order to extend its transmission distance, a large number of antenna elements, a.k.a. massive MIMO or large-scale MIMO, are usually deployed at both the transmitter and receiver, which can yield remarkable beamforming gain and compensate the serious attenuation.
For data transmission, UE-specific beamforming can be adopted at transmission/reception point (TRP) to concentrate the power towards the desired direction. While for common channels and signals, this is not the case. In order to guarantee their coverage, a couple of solutions, i.e. multi-beam-based and single-beam-based schemes, were proposed. As a multi-beam-based technique, beam sweeping gains more attentions and consequently has been the focus of the discussion, which is able to provide an effective coverage for a given spatial area in a TDM way.
On other hand, in legacy LTE systems [4], paging frame (PF) is scheduled according to

	





where  is the DRX cycle, , . Index , where . Without loss of generality, taking P-RNTI transmitted on PDCCH for example, paging occasion (PO) can be obtained by looking up Table I. Clearly, given a UE, except the network configured parameters, its PO timing depends on its UE ID only. In other words, UE-specific paging timing and TRP-specific beam sweeping timing are completely independent.
Table I. PO determination
	
	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	FDD
	1
	9
	N/A
	N/A
	N/A

	
	2
	4
	9
	N/A
	N/A

	
	4
	0
	4
	5
	9

	TDD
	1
	0
	N/A
	N/A
	N/A

	
	2
	0
	5
	N/A
	N/A

	
	4
	0
	1
	5
	6


Observation #1: In legacy LTE systems, UE-specific paging timing and TRP-specific beam sweeping timing are completely independent.
However, the independent beam sweeping timing and paging timing will give rise to rather serious problems. If one complete beam sweeping cycle is finished within the duration of one PO, e.g. identical paging message is repeatedly transmitted using different beams in different OFDM symbols, undoubtedly, this will introduce heavy overhead and substantially eliminate the effective resources (e.g. one symbol) capable of carrying paging messages, and consequently decrease the paging capacity, e.g. the number of UE’s to be paged simultaneously. What is worse, each UE has to blindly decode all the possible beams and symbols in its PO, which is bound to increase the computational complexity and power consumption at UE side. In this sense, it is necessary to enhance the current paging convention targeting for lower overhead and no blind decoding of all the beams.
Observation #2: If one complete beam sweeping cycle is finished within the duration of one PO, current paging strategy in LTE will introduce heavy overhead and increase the computational complexity and power consumption at UE side.
Proposal #1: Consider to enhance the current paging convention targeting lower overhead and no blind decoding of all the beams.


Figure 1. Paging failure due to the independent paging timing and beam sweeping timing
Alternatively, in the case of only one beam for each subframe, e.g. for PDSCH, the TRP may probably steer its beam away from a desired UE when its PO arrives. Probably, the UE cannot successfully receive its paging message, as shown in Figure 1. If and only if the serving TRP tunes the beam towards the UE when its PO arrives, the UE can successfully decode its paging message. In essence, the paging period of the UE is prolonged, and thereby the UE cannot weak up from DRX state in time.
Observation #3: In the case of one beam for one PO, the TRP may probably steer the beam away from a desired UE when its PO arrives.
In fact, in order to avoid the beam deviation from the desired UE’s, an effective solution is to associate the timing of TRP-specific beam sweeping and that of UE-specific paging. In this way, a TRP is always able to tune its beam towards the UE’s to be paged at their PO arrival. Clearly, an important prerequisite is to make the serving TRP of a UE understand the location or at least the beam preference of the UE. To this end, a variety of methods could be considered, e.g. a UE can transmit reference signals in the uplink to facilitate the TRP’s to obtain the knowledge on the location or the beam preference of the UE.
Proposal #2: Consider to associate the beam sweeping timing and paging timing.
Besides severe propagation loss, high frequency transmission also suffers serious blockage. Given a UE, despite that its serving TRP steers the beam towards it at its PO arrival, in the presence of blockage between the UE and its serving TRP, it is still possible for the UE not to successfully receive its paging message. Figure 2 has presented an example. In the coverage of a hyper cell, there are totally three TRP’s. Given a UE, when its PO arrives, its serving TRP, i.e. TRP #1 tunes its beam towards the UE. Unfortunately, there is a running bus passing through between TRP #1 and the UE. In this case, the beam carrying the paging message of the UE is blocked by the bus, and paging failure occurs.


Figure 2. Paging failure due to blockage
Observation #4: Blockage can lead to paging failure.
In order to alleviate the paging failure due to blockage, beam diversity is an effective and promising solution. Therefore, joint transmission (JT) among a plurality of TRP’s can be considered for paging messages. To this end, the paging timing of the UE should be associated to the beam sweeping timing of all the TRP’s involved. E.g. in Figure 2, both TRP #1 and #2 can transmit the same paging messages to the UE simultaneously. Even the beam from TRP #1, is blocked, the beam transmitted by TRP #2 can successfully deliver the paging message to the UE.
Observation #5: Beam diversity can effectively alleviate blockage for paging.
Proposal #3: Consider JT among a group of TRP’s for paging message transmission.
Regarding the JT among the TRP(s) involved, both coherent and non-coherent JT can be taken into account. If inter-TRP phase information is available, coherent JT is preferred. Otherwise, non-coherent JT schemes, e.g. cyclic delay diversity (CDD), are feasible. From a UE perspective, irrespective of coherent or non-coherent, the JT schemes are completely transparent to the paged UE, i.e. it does not know the number of and which TRP’s transmitting its paging message. It just receives its paging message at its PO arrival as usual.
3. Conclusions
In this contribution, paging related issues were discussed in details. Based on the discussion, we have the following observations and proposals.
Observation #1: In legacy LTE systems, UE-specific paging timing and TRP-specific beam sweeping timing are completely independent.
Observation #2: If one complete beam sweeping cycle is finished within the duration of one PO, current paging strategy in LTE will introduce heavy overhead and increase the computational complexity and power consumption at UE side.
Observation #3: In the case of one beam for one PO, the TRP may probably steer its beam away from a desired UE when its PO arrives.
Observation #4: Blockage can lead to paging failure.
Observation #5: Beam diversity can effectively alleviate blockage for paging.
Proposal #1: Consider to enhance the current paging convention targeting lower overhead and no blind decoding of all the beams.
Proposal #2: Consider to associate the beam sweeping timing and paging timing.
Proposal #3: Consider JT among a group of TRP’s for paging message transmission.
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