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1. Introduction
In RAN1 #86bis meeting, each individual step within the initial access procedure were discussed without an overall discussion of the whole procedure. In this contribution, we continue to propose the gradual UE-specific (GUS) initial access frame work and discuss about the channel associations therein.
2. Gradual UE-specific (GUS) initial access framework
In multi-beam based approaches, multiple beams are used for covering a DL coverage area of a TRP. Beam sweeping is one of the possible approaches, where the channel/signal is transmitted/received on multiple beams. When all the channels/signals in the initial access procedure are transmitted using beam sweeping, this will lead to large resource overhead, which may not be tolerable in massive MIMO systems with large number of beams.
To reduce large overhead introduced by beam sweeping initial access, a gradual UE specific (GUS) procedure is proposed, where the coverage of the consecutive steps in initial access gradually evolves from TRP-wide to UE-specific. In the following, the beam operation for each consecutive step, including synchronization signals, system information delivery and random access channel are introduced and the whole procedure is illustrated in Figure 1. 
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Figure 1 Gradual UE-specific (GUS) initial access procedure
1.1.  Synchronization signals
For synchronization signal, since this is the very first signal for a UE before it has any information about the system, no prior information is available. In the proposed GUS initial access procedure, synchronization signals are transmitted on the multiple beams formed at each TRP. As illustrated in Figure 1, for the very first step, signals are sent via beams that cover the whole DL coverage area. These beams can be analog or digital depending on the TRP configuration and can be transmitted on multiple time instances over multiple frequency resources.
1.2. System information delivery
After synchronizing to a system, the UE can start receive system information. In LTE system, the system information also needs to cover the whole DL coverage. However, as stated before, it may be too resource consuming to still ensure whole coverage of all system information in the NR multi-beam based procedure, thus promoting the design of separating system information delivery into two gradual transmission steps.  
As shown in the second step in Figure 1, system information is also transmitted via multiple beams that cover the whole DL coverage area.  Different from LTE system, the system information transmitted in this step only include essential system information required for all UEs (IDLE and CONNECTED). Other system information that can be aquired after random access can be transmitted afterwards via more specific beams, which will be addressed later in step 4 as shown in Figure 1.
1.3. Random access channels
For random access process, whether single-beam or multi-beam based transmission is supported at UE side needs more justification and depends on UE antenna configurations. 

In the access process, UE accesses to the network and meanwhile, TPR manages to obtain the optimal beam information that is explicitly reported or implicitly indicated in the random access signal, such as based on the selected PRACH resource in time or frequency domain. After this step, the optimal transmit beam is known at the TRP side. Thus for the consecutive steps, beam sweeping can be reduced to use the only optimal beams for transmission thus achieving UE-specific random access response. 

1.4. On-demand SIB after random access
As stated in subsection 2.2, system information is divided into two parts, including essential system information required by all UEs regardless of their connectivity status, as well as the information required only for UEs after random access. Using the optimal beam information obtained in previous step, TRP also sends the UE-specific or a group-UE-specific system information via UE-specifically selected beams. Compare to the beam sweeping procedure where the whole DL coverage are covered, in this step, only UE-specific coverage needs to be ensured, completing GUS initial access.
To sum up, in this section, we have proposed the GUS initial access procedure using multi-beam based approach; the main design principle for this framework is a gradual process, where beam sweeping provides whole coverage of a TRP at the very first steps and coverage area gradually evolves from whole coverage to UE-specific coverage area.
Thus, we make the following proposal:
Proposal 1: The very initial access channel can be based on beam sweeping covering whole coverage area of a TRP. The coverage of following channels may be more and more UE-specific, i.e., a Gradual UE-Specific (GUS) initial access framework is proposed. 
The broadcast beam is introduced as the beams on which broadcast information is delivered and is used for covering the whole DL coverage area of a TRP in a predefined manner. 
It is proposed that for multi-beam based initial access procedure, synchronization signals, system information delivery, random access signals as well as RRM measurement are configured using the same predefined set of beamforming weights. In hybrid beamforming framework, this means at least the same analog beam pattern is applied for these signals. 
Proposal 2: Broadcast beam is configured for the GUS initial access procedure, where synchronization signals, broadcast signals, randon access related signals, RRM measurement as well as other initial access related signals are configured using the same analog beam pattern, specifically, these beams are formed using the same predefined set of beamforming weights.  The broadcast beam function at transmission/reception of NR-PSS/SSS/broadcast signals/random access related signals/on-demand SIB/paging signals etc.
It was discussed and agreed in last RAN1 meeting that the association between broadcast signal and RACH needs to be considered. In this contribution, we discuss the association among all the channels in initial access procedure, to realize the gradually UE-specific process.
3. Channel association in GUS initial access
From the GUS initial access framework,  it is important to maintain the same analog beam used for consecutive steps in procedure. Therefore we believe that association in the initial access procedures should be studied.
Proposal 3: Association among the steps in GUS initial access procedure should be supported to ensure the function of broadcast beam.
The concept of SS block, SS burst and SS burst set were raised in last RAN1 meeting [1], with at least NR-PSS and NR-SSS in the SS block while NR-PBCH is FFS. With this structure, the beam sweeping transmission of synchronization signals can be easily performed. It is natural that the NR-PSS and NR-SSS transmitted within the same broadcast beam.
For NR-PBCH transmitting essential system information, it also needs beam sweeping. There are two alternatives for transmitting NR-PBCH.
Alt 1: NR-PBCH is transmitted in the SS block with NR-PSS and NR-SSS.
Alt 1: NR-PBCH is not transmitted in the SS block.
For Alt 1, it is easy and natural to ensure that NR-PBCH and NR-SS are transmitted using the same analog beam. However, regarding the size of efficient system information, transmitting NR-PBCH within the same SS block with NR-SS may lead to larger synchronization delay. For Alt 2, it is needed to predetermine or explicitly configure the resource/RS ports for NR-PBCH transmission based on the NR –SS resource. Alt 2 can provide more flexible configuration but with more complex indication of beam-ID and cell-ID.
Proposal 4: Regarding the association between NR-SS and NR-PBCH, detailed design of whether NR-PBCH is transmitted in the SS block with NR-SS should take into account of the size of essential system information, synchronization latency and complexity.
For the RACH procedure, it was agreed in last meeting [1] that 
· Association between one or  multiple  occasions for DL broadcast channel/signal and  a subset of RACH resources is informed to UE by broadcast system information or known to UE
· Based on the DL measurement and the corresponding association, UE selects the subset of RACH resources
It is therefore proposed in our companion contribution [2] that beam-specific RACH resource allocation is supported in NR

Proposal 5: Regarding the association between NR-SS/NR-PBCH and RACH, beam-specific RACH resource allocation is supported in NR.
For on-demand SIB transmission, to reduce beam sweeping overhead, in the GUS initial access procedure, it is proposed that on-demand SIB is transmitted in a (group) UE specific manner. It is therefore required that the beam(s) that send on-demand SIB is a  sub-set of the broadcast beams used for essential system information delivery. Since in the RACH process, the selected optimal beam information is indicated to the gNB using the RACH resource, it is therefore proposed that 
Proposal 6: Regarding the association between RACH and on-demand SIB, the RS ports for on-demand SIB transmission is configured based on the UE-selected RACH resource. 
4. Conclusion
In this contribution, the following proposals are proposed:
Proposal 1: The very initial access channel can be based on beam sweeping covering whole coverage area of a TRP. The coverage of following channels may be more and more UE-specific, i.e., a Gradual UE-Specific (GUS) initial access framework is proposed. 
Proposal 2: Broadcast beam is configured for the GUS initial access procedure, where synchronization signals, broadcast signals, randon access related signals, RRM measurement as well as other initial access related signals are configured using the same analog beam pattern, specifically, these beams are formed using the same predefined set of beamforming weights.  The broadcast beam function at transmission/reception of NR-PSS/SSS/broadcast signals/random access related signals/on-demand SIB/paging signals etc.
Proposal 3: Association among the steps in GUS initial access procedure should be supported to ensure the function of broadcast beam.
Proposal 4: Regarding the association between NR-SS and NR-PBCH, detailed design of whether NR-PBCH is transmitted in the SS block with NR-SS should take into account of the size of essential system information, synchronization latency and complexity.

Proposal 5: Regarding the association between NR-SS/NR-PBCH and RACH, beam-specific RACH resource allocation is supported in NR.
Proposal 6: Regarding the association between RACH and on-demand SIB, the RS ports for on-demand SIB transmission is configured based on the UE-selected RACH resource. 
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