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Introduction
Initial access is a basic as well as compulsory part of cellular communication systems, which in 3GPP generally comprises time-frequency synchronization, delivery of system information necessary to access the network, and random access process. In NR, the basic procedure of the initial access can follow that of LTE, however, beam-centric operation for both low and high frequency must newly be taken into account. In the last RAN1#85 meeting, there were agreements regarding the beam operations in NR [1]:
	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
· 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



As noted in the agreements, it is desirable for NR to have a unified framework supporting both multi-beam based and single-beam based operations at least for initial synchronization. In this contribution, we investigate band-agnostic approaches for entire initial access procedure where UE is agnostic to whether single-beam based or multi-beam based operation is applied.

Discussion
Discovery signal occasion
In LTE Rel-12, DRS (Discovery Reference Signal) was introduced for downlink synchronization and RRM measurements originally targeting small cell scenarios. The DRS consists of PSS/SSS, CRS, and/or CSI-RS. Similarly, discovery signal in NR can be considered as a composition of synchronization signals and reference signals. The NR reference signals can be used for fine synchronization, demodulation of PBCH, RRM measurements, beam management, and so on. In addition, PBCH can be considered to be included in the NR discovery signal, which may deliver system information essential to perform initial access. In non-standalone mode, the NR PBCH may not be transmitted.
In the case of multi-beam based operation, each signal component of the discovery signal may be transmitted multiple times using different beams to provide full sector coverage. To this end, ‘discovery signal occasion’ can be defined, which consists of M times repetition of time-frequency resources for every discovery signal component. The conventional single-beam operation can be treated as a special case with M=1.
Proposal 1: NR discovery signal supports both single-beam and multi-beam based operation.

A discovery signal occasion can consist of multiple signal blocks. Two types of signal blocks can be considered:
· Alt. A1: Each signal block has M resources of each component signal, e.g., PSS block consists of M PSS resources, PBCH block consists of M PBCH resources, etc. (Fig. 1(a))
· Alt. A2: A discovery signal occasion consists of M discovery signal blocks, each of which consists of one resource for each signal components (Fig. 1(b))
In the figures, TDM was assumed between signal components as an illustrative example but FDM may also be applicable. In Alt. A1, it can be also considered that PSS and SSS resources are contained in the same signal block.



[bookmark: _Ref458376102]Fig. 1. Structure of discovery signal occasion
Alt. A2 has a couple of advantages over Alt. A1. While fast beam changes are expected in each signal block in Alt. A1, the beams may not necessarily be changed in each discovery signal block of Alt. A2 if the same set of beams are applied to all signal components. In addition, in Alt. A2, the signal components of the same beam are more likely to be transmitted within a coherence time. This may help to increase the channel estimation and measurement accuracy. 
Another benefit of Alt. A2 is that UE can assume the same time-frequency distance between any two signal component resources for all the beams. For example, in Fig. 1(b), SSS comes right after PSS and PBCH comes right after SSS in any discovery signal block. From this property, UE may not need to know how the overall discovery signal occasion looks like during the initial access. If the same beam(s) are applied within a discovery signal block, UE can find the SSS and PBCH resources from the PSS resource where the PSS detection succeeded.
Observation 1: NR discovery signal composition based on Alt. A2 can provide less frequent beam changes, better measurement performance, and fixed relative distances among the signal component resources.

Discovery signal measurement window
In LTE, UE can be configured with DMTC (DRS Measurement Timing Configuration) for DRS detection and measurement. If a DRS is found within a DMTC period, UE performs the RRM measurement for it. The periodicity of DMTC is 40, 80, or 160ms. Multiple DRSs from multiple TPs can be detected within a DMTC period.
Likewise, NR UE can assume a DMTC-like measurement window, i.e., NR DMTC, for discovery signal reception. The period and the periodicity of NR DMTC can be predefined for RRC idle UEs and can be configured to RRC connected UEs from the NR NB. Fig. 2 illustrates the NR discovery signal transmission according to Alt. A2 within the configured NR DMTC period.


[bookmark: _Ref458690311]Fig. 2. Discovery signal transmission within NR DMTC period
The requirements for the NR DMTC period and periodicity can be different for RRC idle UEs and RRC connected UEs. RRC idle UE may need to frequently monitor the discovery signal, e.g., for every 5ms, for fast access to the network. Note that the control plane latency allowed for NR is 10ms [2]. The period and the periodicity of the NR DMTC for idle UEs can be the same, which is the case that the idle UE monitors every time instance for the PSS detection during the initial cell search. Meanwhile, for RRC connected UEs, shorter period and longer periodicity than RRC idle UEs can be configured for measurement complexity savings.
After finding the best PSS beam, UE receives the remaining DL signal components according to a predefined step within the same discovery signal block. During these steps, UE may not need to know the total number of beams or the total number of discovery signal blocks (M) used in the initial access.

Association with PRACH resources
Beam sweeping operation should also be applicable to PRACH transmission for uplink coverage extension. For receive beam sweeping at NR NB, multiple PRACH resources, i.e., PRACH blocks, can be utilized. In addition, each of the multiple PRACH blocks can be associated with one discovery signal block. From this association, UE can only transmit RA preamble once on a PRACH block associated with the discovery signal block where the best beam was detected [3]. Fig. 3 shows the allocation of M discovery signal blocks and M PRACH blocks in a TDM manner, where the following three parameters represent the timing gap among the signal blocks:
· TG,m: Timing gap between discovery signal block m and PRACH block m
· TS,m: Timing gap between discovery signal block m and (m+1)
· TR,m: Timing gap between PRACH block m and (m+1)
[bookmark: _GoBack]


[bookmark: _Ref458694487]Fig. 3. Association of discovery signal blocks and PRACH blocks
Several options can be considered in the choice of {TS,m} and {TG,m}.
Options for {TS,m}:
· Alt. B1: {TS,m} are predefined and are the same for all m
· Alt. B2: {TS,m} are predefined and are different over m
· Alt. B3: {TS,m} depends on NR NB implementation
Options for {TG,m}:
· Alt. C1: {TG,m} are the same for all m, either predefined or indicated by the discovery signal
· Alt. C2: {TG,m} can be different over m, indicated by the discovery signal
The combination of Alt. B3 and Alt. C2 will provide the largest resource utilization efficiency, however, several issues such as RRM measurement accuracy, data resource allocation for RRC connected UEs, and signaling overhead need to be further investigated.
Another important issue in the initial access is when and how the NR UE obtains the subframe boundary and the system frame number. One straightforward approach is to deliver the related information to UE using the discovery signal. However, other approaches, e.g., blind detection, should also be studied to minimize the system information delivered by the discovery signal.
Proposal 2: Study the band-agnostic initial access mechanisms for NR as one of candidate schemes.

Conclusion
In this contribution, we proposed a band-agnostic initial access procedure for NR and discussed the design of related signals. Our observations and proposals include:
Observation 1: NR discovery signal composition based on Alt. A2 can provide less frequent beam changes, better measurement performance, and fixed relative distances among the signal component resources.
Proposal 1: NR discovery signal supports both single-beam and multi-beam based operation.
Proposal 2: Study the band-agnostic initial access mechanisms for NR as one of candidate schemes.
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