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1 Introduction
For NR initial access procedure, it was agreed in the RAN1#86bis meeting that, 
· PSS, SSS and/or PBCH can be transmitted within a ‘SS block’

· FFS: details how to compose PSS, SSS and/or PBCH

· Multiplexing other signals are not precluded within a ‘SS block’

· One or multiple ‘SS block(s)’ compose an ‘SS burst’

· FFS: Number of ‘SS block(s)’ (defined as duration of ‘SS burst’)
· FFS: whether or not ‘SS block(s)’ are consecutive

· FFS: whether or not ‘SS block(s)’ within a ‘SS burst’ are the same
· One or multiple ‘SS burst(s)’ compose a ‘SS burst ‘set’

· FFS: Periodicity and the number of ‘SS burst’ within a SS burst set

· Number of SS bursts within a SS burst set is finite.
· FFS: Transmission instances of ‘SS burst set’ 
· E.g., periodic/aperiodic transmission of SS burst sets.
· From RAN1 specification perspective, NR air interface defines at least one periodicity of SS burst set

· FFS: whether or not to define common periodicity range for SS burst set across NR carriers

· Values of the periodicities of SS burst set is for further study

· E.g., 5ms, 40ms, 100ms
· The lowest value of the periodicity of SS burst set is X ms, e.g., 5ms, 40ms, 80ms 
· Note: Interval of SS burst can be the same as interval of SS burst set in some cases, e.g., single beam operation
· Note: the main bullet can be applied to PSS, SSS and/or PBCH
· FFS: networks is allowed to transmit SS burst set at least at the defined periodicities

· FFS: UE is allowed or informed to adapt acquisition procedure based on periodicities of SS burst set
· FFS: For example, if multiple periodicities of SS burst set are defined for initial blind acquisition, UE assumes X ms of an NR carrier as periodicity of SS burst set for dwell time on a freq

In RAN1 86bis and RAN2 95bis, many aspects for initial access including SS burst transmission, on demand SI had been agreed. Based on these agreements, this paper will give the unified initial access procedure, multiplexing between beams and multiplexing of different initial access signals. In addition, the demodulation of broadcast channel and reliability enhancement for initial access procedure are also discussed and analyzed.  
2 Discussion on initial access procedure for NR
2.1 General views on single-beam and multi-beam based transmission schemes
In NR, access schemes should be designed to cover different scenarios and different assumed capabilities of the TRP and UE. In a lower frequency network of NR, DL coverage area and/or UL coverage distance of a TRP/UE can be covered by a single beam, which is called single-beam based approach. In a higher frequency case, however, due to the large path loss, channel/signal transmission heavily relies on highly directional links. In this case, multiple directional beams are required to cover the DL coverage area and perform initial access, which is called multi-beam based approach. Anyway, the initial access procedure, from the UE perspective, should be unified as much as possible for single-beam or multi-beam based approaches.
In addition, different beam-forming capabilities of the TRP and the beam-forming capabilities of UE will also impact beam based access design.  For example, depending upon the beam-forming capability of the TRP, it may be able to transmit synchronization signals in one direction, multiple directions or indeed in all possible directions at the same time.  Anyway, the initial access procedure should also be unified as much as possible for different beamforming capabilities of TRP/UE. 
Observation1: The initial access procedure should be unified as much as possible for single-beam and multi-beam based approaches, considering different beamforming capabilities of TRP/UE.
The main difference between the single-beam and multi-beam based approaches are whether a beam-sweeping is applied on the initial access signals or not. Additional signalling components and mechanisms for beam sweeping are needed for multi-beam based approach while not necessary for single-beam based approach. If an indication for this beam sweeping is adopted in NR, this will deviate from the principle of unified design agreed at RAN1 #85 meeting. Single-beam based transmission is just a special case of multiple beam based transmission. Therefore, we think that the design of initial access procedure and access signal mapping methods should be identical for single-beam and multi-beam based operation.
Observation2: No additional signaling is needed to distinguish the single beam or multiple beam based procedure.
For multi-beam based access operation in the high frequency case, the number of required beams for a cell may be huge. Initial access channels/signals with different beams are usually multiple repetitions with the same delivery information. Compared with single-beam based approach, overhead of these channels/signals increases with the number of required beams in the cell. Therefore, the first issue for beam based access is overhead.
In addition, due to UE’s mobility, the UE’s serving beams(s) from which the initial access channels/signals are received may need to be changed.  Frequent serving beam switch at the UE will bring new challenge in reliability. Based on the above discussions, for beam based initial access channels/signals, the following issues should be considered in NR system design:
· Overhead issue for multi-beam based approach
· Reliability issue with beam based transmission
Observation 3: For beam based access procedure, overhead and reliability issues need to be considered in NR.
2.2 Initial access procedure
The initial access procedure depends on the network deployment scenario. Considering that single beam based method is just a special case of multi-beam based method, the designs for multi-beam based method can also be applied to single beam based method. The following designs are applicable for both methods.  
· Initial access procedure in non-standalone scenario
When NR operates at both lower frequency (e.g. sub-6 GHz) and higher frequency, the TRPs in lower frequency of NR can assist a higher frequency TRP to finish the access procedure. This deployment is referred to as multiple connectivity operation. In this case, it is assumed that the UE has already achieved coarse synchronization to the LF-TRPs and been connected to the lower frequency network. The steps for initial access in non-standalone scenario can be performed in following Fig. 1:
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Fig. 1  Illustration of access procedure in LF-assisted HF case
Considering that the time granularity on HF-TRPs may be tinier, a refined synchronization on HF-TRP is still needed to finish the symbol/subframe timing of HF-TRPs. From Fig. 1, we can see that UE performs random access after it obtains UL access preamble from LF overlay. Provided that the uplink-downlink channel reciprocity holds, the UE may regard a preferable DL receive wide beam detected during the DL synchronization signal (HF) reception as the preferable beams for UL access preamble (HF) transmission. And even further, the UE may exploit some narrow beam scanning to increase the SNR at the TRP side.  After the beam sweeping, HF-TRPs decide the best Tx/Rx beam pair. Therefore, in the following step, TRP will additionally inform the best UE beam ID to UE. UE should use the narrow beam for transmission and reception since then. 
· Initial access procedure in standalone scenario
In NR, high frequency network can also be operated in a standalone manner. In this case, the procedure should pursue the common design with LF-assisted HF as much as possible, besides cell search, coarse synchronization and MIB/SIB delivery. The detailed initial access procedure based on beamformed SS/broadcast channel/SIB and corresponding RACH transmission can be found in Fig. 2.  
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Fig. 2  Illustration of access procedure in standalone scenario
Multiple beamformed synchronization signals/broadcast channels are transmitted for frame/subframe/symbol timing, hyper cell ID identification and acquisition of initial system information. And UE’s preamble/RAR is grouped by the selected resource index associated with beam information. In order to achieve the uplink response for selected resources before initial access, a dedicated new preamble for this response can be used to indicate the selected resource index. After UE connects to a cell, eNB configures beamformed RS for beam refinement/mobility.
As mentioned in [2], NR should design different synchronization signals and system information delivery methods for different UE capabilities/types (e.g., eMBB/URLLC UEs and mMTC UEs). In order to strive for a tradeoff between latency and overhead of multiple beamformed control plane channels/signals (e.g. synchronization signal and system information) for different scenarios, a gradual on-demand transmission by beam ON/OFF can be considered [3].  
It is noted that on demand design for beam based access is also applicable to non-standalone scenario. 
Proposal 1:   On demand SS/essential SIB can be considered to reduce overhead in initial access.
2.3 Multiplexing and mapping for initial access signals
· Multiplexing between beams
With multi-beam based approach, the multiple beams should be multiplexed in some way to adapt to the available time-frequency resources while fulfill the required performance, e.g., coverage and access delay. In our previous contribution paper [4], different beam multiplexing methods including TDM, FDM, and CDM have been discussed and compared. A qualitative comparison is summarized in Table 1.
Table 1. Comparison between different multiplexing methods between beams

	Multiplexing method
	Advantage
	Disadvantage

	TDM
	· Loose requirement on TRP beamforming type, e.g., analog beamforming will be enough; 

· Same SS sequence can be used for all beams; 

· Low detection complexity at UE.
	· Dedicated time-frequency resource for each beam, high overhead;

· Large time delay.

	FDM
	· Same SS sequence can be used for different beams;

· Low time delay.
	· Hybrid/digital beamforming at TRP required; 

· Dedicated time-frequency resource for each beam, high overhead;

· High detection complexity at UE*;

· Power splitting among beams required;

	CDM
	· Less time delay;

· Shared time-frequency resources between beams, leading to low overhead and flexible relationship between the number of beams and that of SS blocks
	· Hybrid/digital beamforming at TRP required; 

· Dedicated SS sequence design for each beam required;

· Power splitting among beams required;


* With FDM, even if the same SS sequence is used for different beams, it is mapped to different frequency resources and results in different SS waveforms in the time domain. Hence the UE needs to detect all these SS waveforms and a high detection complexity is involved. 

In Table 1, we can see that, from implementation point of view, TDM is friendly to both the TRP and UE in terms of beamforming type and detection complexity, respectively. However, high overhead and lack of flexibility are main concerns for TDM, as it requires a dedicated time-frequency resource (i.e., an SS block) for each beam, indicating that the number of SS blocks should be no less than the number of beams. In practice, the number of beams (and the corresponding beam pattern design) is an implementation issue and should be flexibly determined by the beamforming capability of each TRP as well as the required coverage and targeted angular resolution. On the other hand, the number of SS blocks is specification related and should be pre-defined or configured. Thus if TDM were adopted as the only multiplexing method between beams, the number of SS blocks needs to be the maximum possible number of required beams, which further increase the system overhead. The similar concerns apply to FDM as well, as it also requires a dedicated time-frequency resource for each beam.

Comparatively, CDM allows multiple beams to be concurrently transmitted over the same time-frequency resource (i.e., an SS block), which indicates much reduced overhead and/or finer angular resolution at TRP. The number of concurrent beams can also be flexibly adjusted by each TRP. The cost of such overhead reduction and flexibility includes dedicated SS sequence design challenge and reduced power efficiency per beam, which may reduce the coverage.

By taking all the above aspects into account, a practical solution can be the combination of TDM and CDM. That is, a reasonable number of SS blocks N can be predefined and remain unchanged for the whole system, which is not necessary to be equal to the maximum number of beams M. Each TRP is allowed to flexibly select the actual number of beams P from 1 to M, i.e., 1 ( P ( M. For TRPs whose beam number P is no larger than N (i.e., P ( N), the scheme can reduce to pure TDM; while for TRPs which needs a number of beams larger than P (i.e., P > N), at most X beams can be concurrently transmitted in one SS block in the CDM manner, indicating that the system can then support a total number of M = XN beams with only N SS blocks. This combined TDM+CDM multiplexing method provides both flexibility and overhead reduction. By keeping the number of concurrent beams to be low (e.g., X = 2), comparable initial access performance as TDM can be achieved, as shown in Fig. 3 - Fig.5 below, where the simulation setting is listed in Appendix. It is worth noting that with TDM+CDM, the concurrent beams in one SS block can be distinguished by transmitting different SSS or other signals (e.g., PBCH or additional synchronization signal), while the same PSS can be used to keep a comparable detection complexity as TDM.
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Fig. 3  Illustration of Joint PSS and SSS detection latency: TDM vs TDM+CDM
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Fig. 4  Residual carrier frequency offset: TDM vs TDM+CDM
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Fig. 5 Residual timing offset: TDM vs TDM+CDM
Considering that analog beamforming and hybrid beamforming types are typical beamforming technologies in NR. And different from FDM, TDM has loose requirement on TRP beamforming type and low detection complexity at UE.  We think that TDM can be regarded as a baseline for the multiplexing between multiple beams for initial access signals. And the combination of TDM and CDM can also be considered in NR. 
Proposal 2:  TDM is supported as a baseline for the multiplexing between beams for access signals in NR. CDM can be further considered as complementary to TDM to provide overhead reduction and flexibility. 
· Multiplexing between access signals 
Within each SS block, PSS, SSS and PBCH can be multiplexed in TDM manner or FDM manner. In FDM approach, wider transmission bandwidth for NR-PSS/SSS and PBCH than that for TDM approach is needed.  For UEs with low capability, this transmission bandwidth may not be got. TDM is more flexible for the multiplexing of SS and PBCH which can provide better coverage performance than FDM approach. But larger latency is followed with for this approach. Considering different use cases in NR, both FDM and TDM should be supported dependent on different use cases as shown in Fig.6. The detailed multiplexing manner for one transmission can be configured by gNB, e.g., according to synchronization signals.   
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 Fig. 6 Illustration of configurable multiplexing scheme  
Proposal 3: A configurable multiplexing manner between SS and PBCH should be considered in NR. 
In an ‘SS block’, PBCH and SS can be multiplexed in FDM/TDM manner as discussed in above section. Same beam association can be assumed between SS and broadcast channel irrespective of the multiplexing type. Thereby, reusing beamformed synchronization signal as the demodulation reference signal of broadcast channel should be considered in NR. 
In order to acquire the channel quality information of transmission diversity for broadcast channel, multiple ports’ synchronization signal (e.g. 2/4 ports) should be supported in NR. In TDM manner, multiple ports’ SS can be located in the adjacent symbols of broadcast channel as shown in Fig.7. 
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Fig. 7  An illustration of multiple ports’ SS  
Proposal 4: Synchronization signal used for the demodulation RS of broadcast channel should be considered in NR.
2.4 Reliability enhancement for initial access procedure
An observation from the above 6GHz channel model study item is that the channel will be affected by the blockage effect, caused by moving or static objects. This blockage issue may greatly impact the channel quality of a radio link. Therefore, it is necessary to study robust transmission schemes to overcome the blockage effect at high frequency bands.
In order to alleviate this blockage issue, multi-beam association can be considered for beam based access procedure. UE simultaneously maintain multiple connections with different beams as shown in Fig. 8. Some of the beams may not be used for transmission, but just for backups. For example, UE can measure and select multiple SS resources with different beams to keep the coarse time/frequency synchronization. Furthermore, for a UE, multiple preambles can be simultaneously transmitted to overcome the impact of UE’s rotation or mobility as shown in the right part of Fig. 8.    
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Fig. 8 Illustration of multi-beam association
In LTE, it allows for maximum four times combination for the PBCH transmitted in consecutive four frames to boost the receiving performance of PBCH. Analogous to LTE, in the NR, to further improve the robustness of transmission in beam based access, combination of signal/information with different beams can be considered as shown in Fig. 9. The combined signal/information can include multiple broadcast channels with different beams or multiple system information with different beams etc. 



Fig. 9 Illustration of multi-beams’ signal combination 
As discussed in section 2.2, beamformed synchronization signals/broadcast channels can be used for frame/subframe/symbol timing. While, if both subframe index and symbol index are carried through PBCH, the content of the PBCH with different beams need be different. Then, it is impossible to perform the combination of the PBCH transmitted at different resources to enhance the PBCH detection performance.  
On the other hand, if sub-frame/symbol index information is solely carried by synchronization signal, a great number of distinct synchronization signal resources are necessary to identify different sub-frame/frame indexes. The blind detection complexity and power consumption of UE will increase significantly. Meanwhile, it should be noted that the multiple resource locations for multiple beamformed synchronization signals may lead to the ambiguity of the frame timing. The issue of frame timing ambiguity in initial access procedure needs to be further studied in NR.   
Based on the above discussions, we have the following proposals:
Proposal 5: Multi-beam association should be considered to overcome the blockage issue in beam based initial access procedure. 
2.5 Other reliable enhancement methods for initial access in NR
· Repetition based access
In LTE Rel. 13 WI on eMTC, repetition based schemes were specified for LTE channels and signals such as PBCH, PDCCH, etc. In the NR operating with low mobility and narrow frequency band, repetition based method can also be jointly considered with the beam based method. 
· SFN
SFN is a well-known technology to improve coverage, especially for broadcasting signals/channels. Dense deployments of base stations/TRPs among cells are usually assumed for this scheme.  Considering that dense urban is an important deployment scenario in the NR, SFN might be a complementary solution for coverage extension in the interference limited scenario.
· Power boosting
Power boosting is another alternative for the coverage extension of synchronization and broadcast signals with narrow bandwidth. The power boosting method has some advantages such as the minimal expected specification efforts required.
Proposal 6: Repetition based method, SFN based method and power boosting method can be jointly considered with beam based method in initial access procedure. 
3 Conclusion
In this contribution, unified initial access procedure for single-beam and multi-beam based operations is discussed. Based on these discussions, we have the following observations and proposals:
Observation1: The initial access procedure should be unified as much as possible for single-beam and multi-beam based approaches, considering different beamforming capabilities of TRP/UE.
Observation2: No additional signaling is needed to distinguish the single beam or multiple beam based procedure.
Observation 3: For beam based access procedure, overhead and reliability issues need to be considered in NR.
Proposal 1:   On demand SS/essential SIB can be considered to reduce overhead in initial access.
Proposal 2:  TDM is supported as a baseline for the multiplexing between beams for access signals in NR. CDM can be further considered as complementary to TDM to provide overhead reduction and flexibility. 
Proposal 3: A configurable multiplexing manner between SS and PBCH should be considered in NR. 
Proposal 4:  Synchronization signal used for the demodulation RS of broadcast channel should be considered in NR.
Proposal 5: Multi-beam association should be considered to overcome the blockage issue in beam based initial access procedure. 
Proposal 6: Repetition based method, SFN based method and power boosting method can be jointly considered with beam based method in initial access procedure. 
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Appendix
Table II. Link level evaluation assumption [R1-1610987]
	Carrier frequency
	30GHz

	Channel model
	CDL-C with delay scaling value 30ns and (ASD, ASA, ZSD,ZSA) = (5, 30, 1, 5) degrees

	Subcarrier spacing
	60kHz

	FFT size
	128 (CP length: 9)

	Synchronization period
	5ms

	# SS blocks per burst
	14 or 7 (one OFDM symbol per SS block)

	TRP beam pattern
	Azimuth: uniformly point to 14 direction within [-60, 60]o
Zenith: directed towards 100o
Two adjacent beams may be combined into a wider beam if necessary

	PSS waveform
	LTE PSS (length-63 ZC with root 25, 29, 34), or their cyclic shifts followed by a common interleaver

	SSS waveform
	LTE SSS

	SNR
	-18dB

	UE speed
	3 km/hr

	Antenna configuration 
	TRP: (4,8,2) with directional antenna element (HPBW=65o, directivity 8dB)

UE: (1,1,2) with directional antenna element (HPBW=90o, directivity 5dB)

	Frequency offset
	TRP: uniform distribution +/- 0.05ppm

UE: uniform distribution +/- 5ppm
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