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Introduction
A new study item on new Radio Access Technology (RAT) [1] was approved in RAN#71. The high-level objectives of new study item are copied from [1] below:
· The new RAT will consider frequency ranges up to 100 GHz [TR38.913].

In RAN1#85, the following was agreed [2]:
Agreements:
· Following three implementations of beamforming are to be studied in NR
· Analog beamforming
· Digital beamforming
· Hybrid beamforming 
· Note: The physical layer procedure design for NR can be agnostic to UE/TRP with respect to the beamforming implementations employed at TRP/UE, but it may pursue beamforming implementation specific optimization not to lose efficiency
· 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

Based on the above agreement, this contribution discusses alternatives on supporting unified framework for NR. Two design aspects are considered for the discussion:
Unified framework for single-/multi-beam approaches
Unified framework for various operation frequencies

Unified Framework for Single-/Multi-beam Approaches
[bookmark: _GoBack]According to the agreement in RAN1#85, RAN1 will strive for designing a unified framework for various beamforming approaches: single-beam or multi-beam based approaches. However, as can be seen from a couple of notes in the agreement, what the meaning of “unified framework” is not clear yet. This section discusses possible alternatives of unified frameworks, and the implications of the alternatives. The alternatives differ in whether and when UE recognizes a beamforming approach. The information of beamforming approach can be conveyed as (1) a binary information (i.e., single-beam vs. multi-beam), or (2) alternatively in terms of the number of beams (N) used for the initial access signals – e.g., synchronization signals (nrSS), system-information delivery channels, possibly beam reference signals (BRS) and RACH. There are at least three alternative designs of the unified framework for single-/multi-beam approaches:
Alt 1. The beamforming approach is informed during the initial access procedure
The initial access procedure and signal mapping occurring after the approach indication can be individually optimized. 
Alt 2. The beamforming approach is informed after the initial access procedure
The initial access procedure and signal mapping methods are identical but scalable with N.
The UE behaviour after the initial access can be optimized after the approach indication. For example, the UE can apply proper rate matching for data channels with the knowledge of N; and UL/DL control signalling can be individually optimized for single-beam vs. multi-beams. 
Alt 3. UE is completely agnostic to the beamforming approach
The initial access procedure and signal mapping methods are identical.
No information is signalled to UE regarding the approach. 

The main difference between the multi-beam vs. the single-beam based approaches is whether a beam-sweeping is applied on the initial access signals or not. While beam sweeping is necessary for the multi-beam to provide basic coverage for the system, it could be just an unnecessary system overhead when the single-beam approach is used by the system. In addition, the beam sweeping mechanism is likely to introduce additional signalling components and mechanisms, which are also unnecessary for single-beam systems. Hence, it will be beneficial if NR specifications allow (1) gNB to use the beam-sweeping only when necessary; and (2) UE to get indication of the information of whether beam-sweeping is used or not. The UE indication can be used for at least for data channel rate matching, and adapting the UL/DL signalling contents to the configured beamforming approach. Alt 3 does not seem to provide these features, and hence it is of less preferred to us. Both Alt 1 and Alt 2 can provide these features, and hence both can be further studied. 


Figure 1. High-level initial access procedure 
In Alt 1, the beamforming approach is informed during the initial access process, and the information can be conveyed in any of those initial access steps illustrated in Figure 1. Up until the indication, the mapping structure of the signals should be the same for the different beamforming approaches. The signals transmitted after the indication can be designed/optimized separately dependent upon the configured beamforming approach – the mapping structure and the signalling contents of the signals can be completely different. Design constraints specific for single-beam and multi-beam based approaches can be taken into account for these signal/signalling design during the initial access procedure. Several approaches are available for Alt 1 and summarized as follows:
· Method 1: Sync signal(s)
· Fully optimized structure can be designed per beamforming approach, especially when the mode is indicated in nrPSS.
· Binary indication is more feasible than indication of N.
· Method 1-1: Sequence ID partition of nrPSS, nrSSS, or possibly another synchronization signal used to carry symbol timing information 
· As ID space is fragmented, robust sync signal design should be considered: longer SS sequence or reducing IDs for physical cell-ID indication can be considered.
· Method 1-2: Specific mapping method of nrPSS/nrSSS
· Method 2: System information 
· nrSS structure for both beamforming approaches is the same.
· Either binary indication or indication of N is available.
In Alt 2, the beamforming approach is informed after the initial access process. In terms of initial access procedure, the single-beam approach is just a special case of the multi-beam approach. The system is scalable, in that N for the initial access signals can be differently selected by the network, e.g., to adapt the initial access signal overhead; however the UE does not need to know whether the system is operating in multi-beam or single-beam based methods during the initial access procedure. The information conveyed in the later stage can be used for rate matching and UL/DL signalling contents determination, which can increase overall system throughput. 
Based on the discussion above, Table 1 summarizes pros and cons of these two alternatives.

Table 1. Comparison of Alt 1 and Alt 2
	Alternatives
	Pros.
	Cons.

	Alt 1
	The system may be able to get benefits of individual optimizations of initial access procedure/signaling design for the multi-beam and the single-beam approaches.
	The UE needs to implement multiple procedures for supporting both approaches. The UE complexity impact needs to be further studied, depending on when and how the UE is indicated the approach. 

	Alt 2
	UE needs to implement only a single initial-access procedure for supporting both approaches.
	The system does not get benefits of individual optimizations of initial access procedure/signaling design for the multi-beam and the single-beam approaches.



Observation: Beamforming approach indication gives at least the following benefit:
When system operates with the single-beam approach, the system can achieve higher throughput with removing the beam-sweeping related overhead signals / signalling.
Proposal 1: Study the following alternatives of the unified initial access for single-beam and multi-beam approaches:
Alt 1. The beamforming approach is informed during the initial access procedure
Alt 2. The beamforming approach is informed after the initial access procedure
Proposal 2: Study how to indicate the beamforming approach: Binary indication (single-beam or multi-beam) or direct indication of N.

Unified Framework for Various Operation Frequencies
In NR, very wide frequency ranges is supported. There are several alternatives of the unified framework for various operation frequencies:
Alt 1. Separate optimization per carrier frequency
Alt 2. Band agnostic design

Alt 1 is based on the consideration of beamforming architecture for multi-beam based operation. It is well known that analog-BF (A-BF)/hybrid-BF (H-BF) architectures are generally utilized in high carrier frequency system. For multi-beam based operation with A-/H-BF architecture, it is desirable to keep less beam sweeping instances (e.g., beam sweeping SF), especially when the beam swept symbols (e.g., initial access signals) are transmitted in a consecutive manner, to minimize the system inefficiency. As the (analog-)beam directions are changed in consecutive symbols for beam sweeping, it may be limited to FDM data during the beam sweeping instances. In this sense, for the system which applies multi-beam sweeping to DL common control channels transmission with A-/H-BF architecture, it is more desirable to FDM those channels, as far as the minimum BW is large enough. The DL common control channels may include sync signals, SI delivery channels, and possibly BRS. Meanwhile, in low carrier frequency system, it may be enough to deploy single-/multi-beam based operation with D-BF, not A-/H-BF. In this case, TDM can be beneficial in the sense of wider coverage of DL common control signals, as there is no restriction of FDM of those channels.
In Alt 1, it may be allowed to the network to select the framework (e.g., TDM based structure or FDM based structure) depends on the architecture deployed in, hence unified. However, if the framework is pre-fixed for certain carrier frequencies (e.g., TDM for below-6GHz & FDM for above-6GHz), the framework is not unified for various operation frequencies. Note that the unified framework for single-/multi-beam based approaches is still available per operation frequencies for both cases.
Alt 2 is a fully unified framework where the system is designed in a band agnostic manner.
Note that these considerations are very import to defining the minimum system BW for various operation frequencies as the minimum system BW may depend on the multiplexing between DL common control signals.

Proposal 3: Study the following alternatives of the framework for various operation frequencies:
Alt 1. Separate optimization per carrier frequency: unified or non-unified framework
Alt 2. Band agnostic design: fully unified framework

Conclusions
This contribution has reviewed design aspects of unified initial access for both single-beam and multi-beam based approaches. The observation and proposals of this contribution are summarized below:
Observation: Beamforming approach indication gives at least the following benefit:
When system operates with the single-beam approach, the system can achieve higher throughput with removing the beam-sweeping related overhead signals / signalling.
Proposal 1: Study the following alternatives of the unified initial access for single-beam and multi-beam approaches:
Alt 1. The beamforming approach is informed during the initial access procedure
Alt 2. The beamforming approach is informed after the initial access procedure
Proposal 2: Study how to indicate the beamforming approach: Binary indication (single-beam or multi-beam) or direct indication of N.
Proposal 3: Study the following alternatives of the framework for various operation frequencies:
Alt 1. Separate optimization per carrier frequency: unified or non-unified framework
Alt 2. Band agnostic design: fully unified framework
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