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1. Introduction

At the RAN1#85 meeting, PHY layer aspects related to initial access and mobility were discussed in terms of forward compatibility and multi-antenna technologies, and RAN1 made following agreements [1].
	Agreements:
· Essential system information (MIB) should be decodable based on an identity parameter used for generation of search/synchronization signal (e.g. PSS/SSS)
· Name of identity parameter TBD (e.g. cell ID, hypercell ID, system ID)
· Other dependencies to this identity parameter are FFS
Agreements:
· For a NR carrier (from network perspective) using multiple numerologies, at least the following is for further study

· multiple frequency/time portions using different numerologies share a synchronization signal

· Note: The synchronization signal refers to the signal itself and the time-frequency resource used to transmit the synchronization signal

Agreements:
· 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

· …

· 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
· Single/multiple beam can be transmitted/received in a single time instance

· Others are FFS
· Single-beam based approaches
· In single-beam based approaches, the single beam can be used for covering a DL coverage area and/or UL coverage distance of a TRP/a UE, similarly as for LTE cell-specific channels/RS

· For both single-beam and multi-beam based approaches, RAN1 can consider followings in addition
· Power boosting

· SFN

· Repetition
· Beam diversity (only for multi-beam approach)

· Antenna diversity

· Other approaches are not precluded
· Combinations of single-beam based and multi-beam based approaches are not precluded


In addition, NR mobility aspects were also discussed at RAN2#94 meeting and following agreements were made [2]. System information delivery has also been discussed in RAN2 email discussion [94#40].
	Agreements:


1: 
NR eNB corresponds to 1 or many TRPs

Agreed requirements

2: 
As baseline, NR shall support a state with network controlled mobility handling and a state with UE controlled mobility.

3: 
For typical NR inter-eNB network controlled mobility, minimise the required measurement configuration to be provided to the UE to configure measurements (e.g. avoid the need to provide detailed 'cell' level information). More detailed information may be provided to address some cases.

4: 
Minimise context move as a consequence of UE based mobility.

Agreements:

Two levels of network controlled mobility:


1: RRC driven at 'cell' level.


2: Zero/Minimum RRC  involvement (e.g. at MAC /PHY) 


FFS what is the definition of a cell


In this contribution, we discuss on the PHY layer aspects of initial access and mobility for NR and provide preliminary evaluation results to design NR synchronization signal. We also discuss on the PHY layer aspects related to random access in our companion contributions [3, 4].
2. Discussion on initial access for NR
In LTE, the initial access procedure consists of three sub-procedures: (1) initial synchronization and cell search, (2) essential system information delivery and (3) random access. In this section, we discuss on first two sub-procedures for NR.
2.1. Synchronization signal (SS) design for NR
In LTE, PSS/SSS provide coarse time/frequency synchronization, cell ID identification, radio frame timing identification and CP length identification. At least for accessing a standalone NR carrier, UE needs to detect such a signal to obtain initial synchronization and ID to decode MIB. Even for non-standalone NR carrier, the SS would be necessary if an assisting LTE or NR carrier cannot provide the synchronization to access the non-standalone NR carrier while system information can be provided by the assisting LTE or NR carrier. To design SS for NR, we first propose to discuss necessity of different types of SS for following usage scenarios. Basically it is preferable to apply common SS to different usage scenarios as much as possible in terms of minimizing UE implementation complexity, system overhead and specification complexity.
· Synchronization signal(s) for eMBB, URLLC and mMTC
We think URLLC would be a kind of special case of eMBB and UE supporting URLLC would also support at least basic functions for eMBB. So eMBB and URLLC would be able to share the same initial access procedure design including basic SS design. However, requirements/design targets for mMTC would be quite different from those for eMBB/URLLC, e.g., in terms of UE’s operating bandwidth, required coverage and so on. Even though SS for eMBB/URLLC may be sent on limited bandwidth as PSS/SSS in LTE and would need to provide sufficient coverage, SS for mMTC may require further limited transmission bandwidth and wider coverage. According to TSG-RAN agreements on NR scope [5], we should first focus on designing SS for eMBB/URLLC and it is possible to design and introduce different SS for mMTC later if necessary as we did in LTE for NB-IoT.
· Synchronization signal(s) for different numerologies (e.g., in lower and higher frequency carriers)
RAN1 agreed to support scalable subcarrier spacing for NR. To cope with the phase noise and to achieve an efficient use of wide spectrum, wider subcarrier spacing will be used in higher frequency carriers while narrower subcarrier spacing will be used in lower frequency carriers by considering relatively longer delay spread. Basically, the subcarrier spacing for SS can be different from that for other signal/channel within a same NR carrier as long as it works. RAN1 agreed to allow multiplexing of different numerologies within a same carrier and to study sharing of SS between different numerologies. Therefore, we propose to investigate an appropriate numerology for SS in different frequency carriers. Our preliminary evaluation results are shown in Annex A. Based on evaluation results, it is observed that the SS detection performance is relatively robust against the phase noise and frequency offset compared with BLER performance of data channel [6]. However, since SS needs to provide initial synchronization required for accessing the NR carrier, appropriate SS numerology would need to be used based on synchronization accuracy requirement which might have a certain level of correlation with numerology applied for other channel/signal on the carrier. Therefore, we propose to support multiple SS numerologies for different frequency bands and different synchronization accuracy requirements, and to investigate further on exact parameters for SS numerology. 
· Synchronization signal(s) for single-beam based and multi-beam based approaches
Especially for higher frequency carriers, beam-formed transmission is a possible coverage compensation/extension scheme for SS. Assuming that base station doesn’t know appropriate beam pattern for a UE in initial access phase and beam sweeping is applied to SS transmission, finer sweeping granularity (i.e., larger number of beam patterns) with narrower beam width can improve the coverage performance at the cost of overhead increase. We show our preliminary evaluation results on this point in Annex B. It is observed that for higher frequency carriers the beam sweeping is quite beneficial to improve the coverage. Therefore, NR should support both single beam based and multi-beam based approaches for SS transmission. For SS design, principle of resource mapping for SS according to number of swept beam patterns needs to be considered. Basic SS design other than resource mapping can be the same between single-beam based and multi-beam based approaches so that UE can detect SS based on either single-beam based or multi-beam based approach in standalone initial access.
· Synchronization signal(s) for standalone and non-standalone carriers
For standalone NR carrier, since UE has no prior information about SS transmission timing and hence SS transmission periodicity is the required SS detection window size at UE, SS needs to be transmitted with relatively short (e.g., 5 or 10 ms) periodicity from UE complexity perspective. On the other hand, for non-standalone NR carrier, UE can receive assistance information including SS transmission timing from other NR or LTE carrier. In addition, SS may not need to be sent on non-standalone NR carrier if sufficiently accurate synchronization to access the carrier is provided by other way. Therefore, SS transmission periodicity can be longer (including possibility of no transmission) for non-standalone carrier so that overhead caused by SS transmission can be reduced. 
· Synchronization signal(s) for licensed and unlicensed carriers

On unlicensed carrier, LBT-based channel access mechanism would be necessary even for SS only transmission. So, periodic SS transmission cannot be guaranteed on unlicensed carrier. Targeting one-shot detection of SS would be beneficial for unlicensed carrier. However, in LTE-LAA discussion, it was argued that one-shot detection can be achieved by relaxing SINR side condition requirement. In NR, further investigation including SS design is necessary to achieve one-shot detection of SS.
· Synchronization signal(s) for FDD and TDD carriers

RAN1 agreed to strive for maximizing commonality between TDD and FDD. We think SS design can be common between FDD and TDD.
Proposal 1: RAN1 should study synchronization signal (SS) design for eMBB/URLLC.
· Different design of SS for mMTC can be considered and introduced (if necessary) later.

Proposal 2: NR should support multiple SS numerologies for different frequency bands and different synchronization accuracy requirements.
· RAN1 should study further on exact parameters for SS numerology to be supported.

Proposal 3: NR should support both single-beam based and multi-beam based approaches for SS transmission.

· Target number of beams for SS transmission and corresponding resource mapping design principle should be studied.
Observation 1: SS transmission periodicity for standalone NR carrier should be short (e.g., 5 or 10 ms) while SS transmission periodicity for non-standalone NR carrier can be longer (including possibility of no transmission) by using assistance from other NR or LTE carrier.
2.2. Essential system information delivery for NR
After detecting SS, UE needs to obtain essential system information necessary to access the carrier. In LTE, MIB is transmitted on PBCH and SIB is transmitted on PDSCH. On standalone NR carrier, only essential system information required for standalone initial access (i.e., mainly random access) should be transmitted in MIB (and possibly SIB) as always-on signal and other system information can be provided on-demand after random access. It would be beneficial for standalone NR carrier with multi-beam based operation to reduce the overhead due to MIB (and SIB) transmission with beam sweeping. On-demand system information transmission can be on either UE common channel or UE dedicated channel. For example, if limited number of UEs is accessing the carrier, UE dedicated signaling based on fixed beam(s) transmission for each UE can reduce the overhead caused by system information transmission compared with UE common signaling based on beam sweeping. In addition, at least MIB is transmitted on fixed DL resources together with SS on standalone NR carrier.
Proposal 4: Only essential system information required for standalone initial access is transmitted in MIB (and SIB) as always-on signal and other system information can be provided on-demand after random access.
At the RAN1#85 meeting, it was agreed that essential system information (MIB) should be decodable based on an identity parameter used for generation of synchronization signal. We consider that the identity parameter used for generation of SS can include time/frequency resource index in addition to sequence pattern ID. For example, both SS and MIB are not necessarily be in a fixed frequency location within a NR carrier bandwidth and UE can identify resource location of MIB based on resource location of detected SS. In various types of NR deployment scenario including CoMP scenario 4 like deployment and sector based LTE macro cell like deployment, the identity parameter for SS/MIB would mean hyper-cell ID, cell-ID or sector (rough beam)-ID. In specification, it can just be considered as the ID for SS/MIB. To achieve such flexibility, investigation on required number of different identity parameters is necessary.
Proposal 5: Design of identity parameter used for SS generation and MIB decoding should not limit NR deployment flexibility.
3. Discussion on mobility measurements for NR
As agreed in RAN2, NR will support both a state with network controlled mobility handling and a state with UE controlled mobility. In this section, we discuss on measurement design for each state.
3.1. Measurement design for UE controlled mobility in NR
A state with UE controlled mobility can be referred to as RRC-IDLE state in LTE. In the IDLE state, minimizing UE battery consumption is highly required to achieve longer standby time. Basically we can consider DL-based measurement and UL-based measurement for measurement design in NR as shown in Figure 1. For the UE controlled mobility, we think DL-based measurement has a clear benefit in terms of UE battery consumption since UE doesn’t need to perform UL transmission for the mobility measurement. In addition, UL-based measurement in IDLE state would have problems regarding power control and timing control for UL-measurement RS (UL-MRS) transmission. Therefore, DL-based measurement should be assumed as baseline for UE controlled mobility. DL-measurement RS (DL-MRS) should be transmitted periodically on fixed DL resources on NR carrier supporting standalone access. Based on discussion here and in section 2, reference signal(s) for initial synchronization, MIB (and SIB) demodulation and UE controlled (IDLE mode) mobility measurement is necessary as always-on reference signal for standalone NR carrier. It should be further discussed what kind of signal design is required for each of those purposes and how many different signals are necessary.
Proposal 6: DL-based measurement should be assumed as baseline for UE controlled mobility.
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Figure 1. DL-based and UL-based measurement
3.2. Measurement design for network controlled mobility in NR
A state with network controlled mobility handling can be referred to as RRC-CONNECTED state in LTE. In the CONNECTED state, minimizing handover delay (i.e., data interruption time) and overhead/interference caused by MRS transmission would be important. To minimize the overhead and interference due to MRS, on-demand transmission of MRS seems beneficial. For example, UL signal can trigger DL-MRS transmission from surrounding NR nodes, or UL-based measurement can also be considered.
For NR deployment operating based on multi-beam based approach, beam association between NR node and UE can be identified by RRM measurement(/reporting) and/or CSI measurement(/reporting). Similar to the usage of the identity parameter for SS/MIB discussed in section 2.2, design of RRM measurement should be flexible enough for various NR deployment scenarios. 
4. Conclusion 

In this contribution, we discussed on the PHY layer aspects of initial access and mobility for NR and provided preliminary evaluation results to design NR synchronization signal. We made the following proposals and observations. 

Proposal 1: RAN1 should study synchronization signal (SS) design for eMBB/URLLC.

· Different design of SS for mMTC can be considered and introduced (if necessary) later.

Proposal 2: NR should support multiple SS numerologies for different frequency bands and different synchronization accuracy requirements.

Proposal 3: NR should support both single-beam based and multi-beam based approaches for SS transmission.

· Target number of beams for SS transmission and corresponding resource mapping design should be studied.
Observation 1: SS transmission periodicity for standalone NR carrier should be short (e.g., 5 or 10 ms) while SS transmission periodicity for non-standalone NR carrier can be longer (including possibility of no transmission) by using assistance from other NR or LTE carrier.

Proposal 4: Only essential system information required for standalone initial access is transmitted in MIB (and SIB) as always-on signal and other system information can be provided on-demand after random access.
Proposal 5: Design of identity parameter used for SS generation and MIB decoding should not limit NR deployment flexibility.
Proposal 6: DL-based measurement should be assumed as baseline for UE controlled mobility.
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Annex A.  Detection performance evaluation for synchronization signal(s) with different numerologies
As argued in section 2.1, we propose to investigate an appropriate numerology for SS in different frequency carriers. In addition to the phase noise which is considered in general numerology investigation for NR [6], larger frequency offset in higher frequency carriers should be considered for SS design since SS is used for initial time/frequency synchronization. Therefore, we present the preliminary evaluation result for SS detection performance for different frequencies considering the phase noise and frequency offset. Figure A-1 shows the SS detection probabilities for different scenarios, and Table A-1 shows the link level simulation assumptions for this evaluation. From the evaluation result, except for very high frequencies such as fc = 70 GHz, it can be observed that SS detection probability keeps performance in different frequencies with the same subcarrier spacing f = 15 kHz even in the fading channel which has long delay profile such as CDL-C UMa (Long delay) scenario. The SS detection which generally works in low SINR is robust against the phase noise in higher carrier frequency. In fc = 70 GHz and f = 15 kHz, we observe the degradation of SS detection probability due to increasing the actual frequency offset. By increasing the sub-carrier spacing to 30 kHz, the SS detection probability of 70 GHz keeps almost the same performance with lower frequency carriers.
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Figure A-1: One-shot SS detection probabilities
Table A-1: Simulation assumptions
	Parameters
	Value

	Number of Tx/Rx antennas
	2 x 2

	Channel model
	Clustered delay model following TR38.900

	Number of eNBs
	1

	Number of samples used for SS detection
	LTE PSS/SSS design is assumed and subframe #0 and #5 are used for one-shot detection

	Frequency offset at eNB
	+/- 0.1 ppm

	Initial frequency offset at UE
	+/- 0.1 ppm

	Target false detection probability
	0.001

	Center frequency: fc
	{4, 28, 70} GHz

	Subcarrier spacing: f 
	{15, 30} kHz


Annex B.  Geometry performance evaluation with/without beam forming
The path loss increases significantly in higher frequencies and the beamforming is considered as one of candidate techniques for the path loss compensation. Here we evaluate geometry performances with and without beamforming in NR deployment scenarios. In the evaluation for the case with beamforming, we assume the multiple 2D DFT beams generated by the Kronecker product of two oversampled DFT weights, and the number and placement (i.e., direction) of the candidate beams are adjusted for the UE distribution in eMBB dense urban scenario. Figure B-1 and B-2 illustrates the assumption for the case with beamforming. We also assume that the best one among candidate beams from all TRPs is selected as associated beam for each UE. We simplify the interference model by assuming that neighboring TRPs randomly select one candidate beam at the time. Other evaluation assumptions are summarized in Table B-1.
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Figure B-1: Assumption on candidate beam patterns
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Figure B-2: Assumption on TXRU mapping (e.g., for 4×4×2 UPA)
Table B-1: Evaluation assumptions
	Parameters
	eMBB Dense urban

	Layout
	Macro layer: Hex. Grid
Micro layer: Random drop (All micro BSs are all outdoor)
- 3 micro BSs per macro BS

	Inter-BS distance 
	Macro layer: 200m

	Simulation bandwidth
	20MHz

	Carrier frequency 
	Macro layer: 4 GHz
Micro layer: 30GHz and 4 GHz

	Total BS TX power
	Macro layer:
  Below 6GHz: 44 dBm 
Micro layer:
   4 GHz:  33dBm for 20MHz system bandwidth

	Channel model
	Below 6 GHz: 3D UMa (Macro layer) and 3D UMi (Micro layer)
Above 6 GHz: 5GCM UMi

	Handover margin
	0 dB

	UE noise figure
	Below 6GHz: 9 dB
Above 6GHz: 13 dB

	BS antenna height
	25m for macro cells and 10m for micro cells

	UE antenna height
	3D UE dropping following TR 36.873

	UE dropping
	Macro layer: Uniform TRP
Micro layer: Clustered TRP
  - 80% indoor (3km/h), 20% outdoor (30km/h)

	UE array orientation
	ΩUT,a  uniformly distributed on [0,360] degree, ΩUT,b = 90 degree, ΩUT,g = 0 degree

	UE antenna pattern
	Omni-directional

	Number of the micro TRPs per macro TRP
	3

	Minimum distance between Micro TRPs
	57.9 m

	Radius of UE dropping within a cluster: R
	< 28.9 m


Figure B-3 shows the CDF of average SINR in dense urban deployment scenarios. From the result, the geometry performance in the dense urban scenario with 30 GHz carrier frequency is highly degraded in case without beamforming compared with geometry performance of 4 GHz carrier frequency. Even for 30 GHz carrier frequency, if we target the same coverage (e,g., 28.9 radius for micro layer in dense urban deployment) with 4 GHz carrier frequency (without beamforming), we can consider that target 5%-tile SINR is -2.3 dB.
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Figure B-3: Geometry performance in dense urban deployment
· Table B-2 shows the 5%-tile SINR for 30 GHz carrier frequency with beamforming and the relative gain from that for 30 GHz carrier frequency without beamforming. We consider following antenna configurations as different beam width, and we change the number of candidate beams that correspond to overhead for beam sweeping from 4 to 64.
· (M,N,P) = (2,2,2). (dV,dH) = (0.5, 0.5)λ.
· (M,N,P) = (4,4,2). (dV,dH) = (0.5, 0.5)λ.
· (M,N,P) = (8,8,2). (dV,dH) = (0.5, 0.5)λ.
· (M,N,P) = (8,16,2). (dV,dH) = (0.5, 0.5)λ.
From the result, it is observed that finer beam sweeping granularity (i.e., larger number of beam patterns) with narrower beam width can improve the coverage performance significantly at the cost of overhead increase. To achieve the target 5%-tile SINR of -2.3 dB which is achievable 5%-tile SINR in case of 4 GHz carrier frequency without beamforming, over 64 DFT beams based on 8×16×2 or larger UPA configuration is required in the evaluation.
Table B-2: 5%-tile SINR and relative gain for 30 GHz carrier frequency with beamforming
	Number
of candidate beams
	5%-tile SINR w/ beamforming [dB]

(Relative gain from achievable 5%-tile SINR w/o beamforming [dB])

	
	(M,N,P) = (2,2,2)
	(M,N,P) = (4,4,2)
	(M,N,P) = (8×8×2)
	(M,N,P) = (8, 16, 2)

	4
	-14.7 (+5.6)
	-11.2 (+9.0)
	-18.7 (+1.5)
	-22.5 (-2.3)

	8
	-14.6 (+5.7)
	-10.6 (+9.7)
	-10.0 (+10.2)
	-17.0 (+3.3)

	16
	-14.5 (+5.8)
	-9.7 (+10.5)
	-9.0 (+11.2)
	-6.4 (+13.8)

	32
	-14.3 (+5.9)
	-8.5 (+11.7)
	-4.0 (+16.2)
	-5.3 (+14.9)

	64
	-14.3 (+5.9)
	-8.5 (+11.8)
	-3.9 (+16.3)
	-1.6 (+18.6)
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