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1 Introduction
For NR initial access procedure, it was agreed in the RAN1#86 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

Based on the latest agreements in RAN1-86bis and RAN2-95bis, this paper discusses the principle and design details of on-demand initial access signal transmissions, where we pursue a unified approach for both connected UEs as well as idle UEs. 

Beam-wise on-demand initial access signals are especially desirable. A longer SS periodicity (e.g. 100 ms, always on) may be designed for idle UEs and a short SS periodicity (e.g. 5ms) may be designed for UEs in connected state. As such, they may be exploited by both connected UEs and idle UEs in a unified procedure.  Separate adaptation or common adaptation for PSS/SSS/PBCH/ are also discussed.
2 On-demand initial access signal transmission
2.1 Background
The access scheme in NR should be designed to cover different scenarios, and for TRPs/UEs of different categories or capabilities. For multi-beam directional access in high frequency, the number of required beams in a cell may be huge. Initial access signals may be transmitted using multiple different beams in the spatial domain, with the signal content (prior to beamforming) being simply repeated in the time domain. Clearly, the transmission overhead increases with the number of required beams in the cell.
Always-on transmission of initial access signals (e.g. PSS, SSS and PBCH signals) incurs large overhead especially for multi-beam based method. To minimize the overhead and satisfy the access requirement, on-demand SI transmission had been agreed in RAN2 and bursty transmission of PSS, SSS and/or PBCH had also been agreed in RAN1 #86bis. Thereby, the design of on-demand initial access signals is especially desirable in RAN1.
Observation 1: For beam based access procedure, the overhead issue need be carefully taken into account.
Observation 2: The design of on-demand/bursty access signal transmission is beneficial for NR.
2.2 Design for on-demand initial access signal transmission 
As shown in Fig. 1, a SS burst set may include one or multiple SS bursts, and a SS burst may further include one or multiple SS blocks. PSS, SSS and/or PBCH signals may be transmitted within a SS block. Several signal types within a SS block can include: 
· Type 1: PSS, SSS 

· Type 2: PBCH only 

· Type 3: PSS, SSS and PBCH

· Type 4: PSS,SSS and/or PBCH multiplexing with other signal, e.g. system information
Multiple SS blocks within a burst can correspond to same or different beam(s). Multiple SS bursts within a burst set can also correspond to same or different beam(s). In order to reduce the transmission delay of access signals with multiple beams, different beam’s assumption for each SS block or each SS burst is preferred. And the number of SS burst/SS block in a SS burst set should be configurable according to the results of discovery of beams. It is noted that beam discovery is very similar with small cell discovery (cell ON/OFF) in LTE. And this is beneficial for the reduction of interference and overhead. 

An illustration of beam discovery (i.e. ON/OFF) procedure can be found in Fig. 1. An active UE resolves the preferred resources (e.g., resource 2 and 4 separate with beams 2 and 4) and report them to TRP. Based on this feedback, resource 2 and 4 are turned on for on-demand SSs/MIBs/SIBs transmission and resource  1, 3 and 5 are unused and so turned off. 
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Fig. 1 Illustration of On-demand SIB delivery with beam ON/OFF
When type 3 or type 4 is assumed for a SS block, PSS, SSS and broadcast channel can be multiplexed in TDM manner or FDM manner. For UEs with low capability, the transmission bandwidth of synchronization signal and broadcast channel in FDM manner may not be got. TDM is more flexible for the multiplexing of SS and PBCH while followed with larger latency.  Considering different use cases in NR, FDM and TDM can both be supported dependent on different requirements. The detailed multiplexing manner for one transmission can be configured by gNB, e.g. according to a predefined synchronization signal.   

In following figure 2 and figure 3, two examples of SS burst set based transmission with TDM or FDM are separately given.    
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Fig. 2   An illustration of SS burst set based transmission with TDM manner
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Fig. 3   An illustration of SS burst set based transmission with FDM manner

SS burst set can be transmitted in periodic or aperiodic manner. For periodic SS burst set transmission, at least one periodicity of SS burst set had been agreed at last meeting. Considering that different requirements under different assumptions/use cases in NR, at least two periodicities for SS burst set transmission should be considered. For example, a long periodicity can be defined for idle UEs’ mobility and initial access. And a short periodicity can be defined for fast synchronization/access/mobility based on UEs’ requirement. This design can save the overhead of multiple beam based transmission and simultaneously be aligned with on-demand design target in NR.    
Similar with aggregation level of control channel candidate, the lowest value of the periodicity of SS burst set, e.g. X ms can be defined to give a baseline for multiple candidate periodicities settings. Each candidate periodicity satisfies the integer multiples of the lowest periodicity of SS burst set. For single beam based approach, 5ms periodicity for SS in LTE can be reused especially for the case of sub 6G.  From a unified framework perspective for single beam based transmission and multiple beam based transmission, 5 ms can be regarded as the lowest periodicity of SS burst set. 

For example, the candidate periodicities can be set as 5ms (i.e. X), 10ms, 20ms, 40ms, 80 ms etc.  According to the results of beam discovery, the duty cycle for synchronization signal and broadcast channel can be scalable accordingly. This scalable periodicity fro synchronization signal can be indicated by synchronization signal itself, e.g. through different sequence.
Proposal 1:   At least two periodicities of SS burst set should be supported in NR. 
Proposal 2:  5 ms as the lowest periodicity of SS burst set can be considered in NR.
Proposal 3: Scalable duty cycles for beam sweeping in initial access should be supported in NR.
Proposal 4: The scalable periodicity can be indicated by different SS sequence.
For aperiodic SS burst set transmission, aperiodic transmission of SS burst set depends on the requirement/discovery of resources. Flexible adaptation for beam based access signals including PSS, SSS and/or PBCH is needed in NR. Separate adaptation or common adaptations for PSS/SSS/PBCH corresponding to different types of SS burst set are also discussed.  
In detail, a gradual on-demand transmission by beam ON/OFF can be considered, which is named MBC (Multiple Beamforming for Control) as shown in Fig.4. In the figure, synchronization signals /MIBs/SIBs are transmitted in an always-on manner with a long term periodicity for both idle UEs and active UEs. These always-on SSs/MIBs/SIBS with long periodicity can be used to maintain essential synchronization and initial access procedure. In addition, based on the feedback about these always-on SSs/MIBs/SIBs from active UEs, the TRP can further turn on those preferable beams/resources and transmit some on-demand SS/MIBs/SIBs with short periodicity to serve those active UEs. These on-demand SSs/MIBs/SIBs may also benefit idle UEs and help them to finish initial access more efficiently. The un-detected beams/resources are then turned off and not used in short periodicity.
[image: image4.emf] 

Sync signal

MIB

SIB

Always on beams for 

Sync /MIB/SIB

Baseline MBC

Semi adaptive MBC Adaptive MBC

On demand and adaptive 

beams for  SIB

On demand and adaptive  

beams for Sync/MIB/SIB


Fig. 4  Illustration of MBC procedure 
In the following procedure, beamformed system information (e.g. SIB1/SIB2) is transmitted just with the selected beams. Therefore, for multi-beam based approach, on demand system information delivery based on UE’s beam discovery procedure can reduce overhead.
In addition, beam parameters including beam bandwidth, beam number etc can be flexibly configured by network depends on network deployment.  
Proposal 5:   On demand SS/essential SIB can be considered to reduce overhead in initial access.
3 Low-Frequency Assisted Access for High Frequency
As we have seen, multi-beam based initial access in high frequency incurs considerable overhead in the initial access stage. Instead of using always-on initial access signals (IAS) entirely, extra on-demand IAS may also be employed to reduce the overhead. Another way of reducing the initial access overhead would be low-frequency (LF) assistance.
3.1 Problem of Multi-Beam based Access in High Frequency

The millimetre wave high frequency (HF) link suffers inherently from large path loss and random blockage. Henceforth, high gain transmit and/or receive beamforming is required to make up for the stringent link budget. As a result, the associated transmission becomes highly directional and a single transmit beam may cover only a small region in the selected angular directions. Signal transmissions in the initial access stage however need be omni-directional to cover possible UEs at different directions. A simple idea would be to mimic the omni-directional transmissions by forming multiple (N) beams at different directions, possibly over different time slots [4]. Here N is the number of directional beams needed for aggregation in order to successfully mimic an omni-directional transmission, and is proportional to the number of antenna elements Nt in HF. As we recall, a large number of antenna elements Nt is required to bring sufficient transmit/receive gain to the underlying HF link. Thus, the overall overhead (in terms of air time spent for IAS transmissions) would be significantly large, if we rely purely on multi-beam based initial access in HF. 
Link robustness is also an important issue for HF transmissions. Due to the large bandwidth in HF, data transmissions will typically be intermittent with very short duty cycles. Following the common practice in low frequencies, a UE may try to maintain the connection with HF TRPs. This however may not be desirable because the UE/TRP need to re-train/track the directional information and consumes considerable power and overhead at both sides.  
[image: image5.emf] 

LF 

TRP

HF 

TRP

LF 

TRP

HF 

TRP

HF 

TRP

(a) LF and HF TRPs located at the same point.

(b) LF and HF TRPs located at different points.


Fig. 5 Illustration of LF and HF TRPs

3.2 Low Frequency Assisted Access
The main reason behind the large initial access overhead is directional transmission of initial access signals using transmit beamforming in high frequency. One possible way of reducing such large overhead would be low frequency assistance. Thanks to the radio propagation characteristics in low frequency channels (e.g. in the 3.5 GHz frequency band), we may achieve omni-directional transmissions directly in low frequency.  Fig. 5 illustrates two possible scenarios for LF and HF TRP location.

In Fig. 5 (a), the LF and HF TRPs are co-located. The LF and HF TRP may have similar coverage through proper power control and beam management. Note that an aggregation of multiple directional beams would be needed for the HF TRP to achieve omni-directional coverage. In such a case, the interface between the LF and HF TRPs may be assumed as ideal, with minimum latency and extremely large bandwidth. Another benefit of having co-located LF/HF TRPs is that, directional information (be it coarse or fine) obtained in the LF channel may be reused in the HF channel. Note that co-location may be limited to certain scenarios only, as the overall cost would be extremely high to associate each HF TRP with a co-located LF TRP.

In Fig. 5 (b), the LF and HF TRPs are located at different points, and one LF TRP may take care of multiple HF TRPs. It is noted that in this case, the HF TRP coverage may be a subset of the LF TRP coverage. The interface between the LF TRP and HF TRP may be an ideal backhaul (e.g. optical fibber), for which minimum/negligible latency and extremely large bandwidth may be assumed. The interface may also be a non-ideal backhaul link (e.g. microwave, DSL among others), for which the latency is non-negligible and may be as large as several milli-seconds. In such a case, delay-sensitive signal transmissions may be outdated quickly. With LF TRP and HF TRPs positioned at different points, directional information obtained in the LF channel may not be directly reused in HF channels. 

Proposal 6: Low frequency assisted access in high frequency should be studied and supported in NR.

As discussed in our companion contribution [4], HF initial access can be significantly simplified with LF assistance.  On top of that, HF data transmissions may be carried out in an on-demand manner with LF assistance as well. Specifically, when there is no UE to serve, a TRP may follow the conventional practice (e.g. LTE) of continuously transmitting various signals including synchronization signals, broadcast signals among others. This is clearly a waste of power at TRP side, and may cause undesirable interference to nearby HF TRPs. On the other hand, UE may follow the conventional practice (e.g. LTE) in closely monitoring the HF channel. This however is very power consuming especially from the UE perspective. First of all, UE need to carefully keep track of the beam directions to/from the TRP. Secondly, mmWave RF consumes considerable power for regular transmission and reception. It is thus meaningful and necessary for the TRP and UE to engage in HF transmissions/receptions in an on-demand fashion. 

Proposal 7: On-demand HF transmission/reception, possibly assisted by LF, should be supported in NR.
4 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:
Observation 1: For beam based access procedure, overhead issue needs to be carefully investigated in NR.
Observation 2: The design of on demand/burst based access transmission is also necessary in RAN1.
We further make the following proposals:

Proposal 1:  At least two periodicities of SS burst set should be supported in NR. 
Proposal 2:  5 ms as the lowest periodicity of SS burst set may be considered.
Proposal 3: Scalable duty cycles for beam sweeping in initial access should be supported in NR.
Proposal 4: The scalable periodicity can be indicated by different SS sequence.
Proposal 5: On demand SS/essential SIB can be considered to reduce overhead in initial access.
Proposal 6: LF assisted access in HF should be studied and supported in NR.
Proposal 7: On-demand HF transmission/reception, possibly assisted by LF, should be supported in NR.
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