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1.  Introduction

To provide reasonable DL/UL coverage area of a TRP/UE, multi-beam operation is agreed in RAN1#85, especially for above 6GHz NR. In RAN1#86, the following DL L1/L2 beam management procedure is agreed to be supported within one or more TRPs:
· P-1: is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s)
· P-2: is used to enable UE measurement on different TRP Tx beams to possibly change inter/intra-TRP Tx beam(s)
· P-3: is used to enable UE measurement on the same TRP Tx beam to change UE Rx beam in the case UE uses beamforming

In RAN1#86, the following aspects of initial access are also agreed:

· 
RAN1 should take at least following requirements into account to design initial access

· Providing at least following functionalities

· Detection of NR cell and its ID

· Note: In this context, NR cell corresponds one or multiple TRP(s)

· Initial time/frequency synchronization to the cell

· Providing necessary information for random access

· Providing sufficient number of the identity values to allow deployment flexibility

· FFS: supporting efficient mobility

· FFS: supporting efficient inter-RAT measurement

· Reducing the frequency hypothesis UE needs to search for compared to LTE

· FFS: detecting beam ID(s)
Multi-beam operation realized by beam sweeping is extensively discussed due to its benefit in coverage. Beam sweeping behavior is essential for beam management procedure, for RRM, and for initial access. In this contribution, we discuss the requirements from these perspectives, and devise a beam sweeping behavior that is needed in above 6 GHz NR.
2.  Requirements for Beam Management
Severe path-loss and sparse channel property renders high-frequency channel vulnerable to blockage. It leads to the fact that a transmission path between a Tx/Rx pair can gradually fade away, even under perfect beam tracking. The observation indicates that a beam tracking operation which involves only local beam search is not enough to deal with a situation where the tracked path is fading away and a new transmission path needs to be acquired. To deal with the situation, beam sweeping is required. During beam management procedure, beam sweeping should be combined with local beam search, one for new transmission path acquisition and the other one for beam tracking.
Beam sweeping operation can be either broadcasted or dedicatedly configured. From system perspective, dedicated signaling can potentially take advantages of dynamic UE density for energy saving. When there is no active UE in the neighborhood, TRPs can be switched off. On the other hand, for beam management and mobility purpose, an active UE can potentially wake up all its neighboring TRPs. In many cases, a few UE in a cell is enough to trigger the operation of all the cell TRPs. In addition, it is beneficial for all neighboring UEs to take advantage of an aperiodic beam sweeping triggered for one UE, and use it for beam measurement. This harmonizes UE behavior on monitoring swept beams and turns the original aperiodic attempt into periodic one. In view of these factors, dedicatedly controlled beam sweeping behavior actually introduces additional signaling overhead and, probably extra coordination needs among TRPs.
In the following, we analyze the user density required to activate a whole network. As first order approximation, we use distance to decide if a UE will wake up its surrounding TRPs. As illustrated in Figure 1, TRP1 will be waken up for beam sweeping as long as there is active UE in the light-blue area. The overall light-blue area is three-times the area of TRP1 service coverage. Assuming the NW in Figure 1 consists of N cells, the probability of waking up TRP1 by uniformly dropping k UE in the NW is
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The probability that all TRPs of the whole NW is activated is then expressed by
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Figure 1. Beam sweeping area of a TRP
In Figure 2, the probability of activating the whole NW (and the probability of activating he whole NW) with respect to user density (number of users per cell), under different NW sizes, is provided. As illustrated, user density as low as 3 user/cell makes all TRPs in the NW awakened. It is also observed that while larger NW requires higher user density for fully activation, the required user density saturates very soon.
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Figure 2. TRP activation probability with respect to user density
Observation 1: beam sweeping is needed for new transmission path acquisition after initial access.
Observation 2: In many other cases, periodic beam sweeping via broadcasting is desired. Dedicatedly signaled beam sweeping is beneficial from perspective of overhead and energy only when UE density is very low.
Proposal 1: Periodic beam sweeping is introduced for acquiring new transmission path.
Proposal 2: Taking broadcasting-based periodic beam sweeping as working assumption.
In order to limit the overhead introduced by periodic beam sweeping, the number of swept beams should be kept reasonable, under the condition of sufficient array gain. Further beam refinement can be achieved in an aperiodic manner based on the result of periodic beam sweeping, e.g., hierarchical beam refinement. The swept beams should be differentiable by UE so that subsequent beam quality reporting can be done. 
To achieve these needs, one approach is to identify each swept beam by a beam ID so that beam measurement results can be reported to NW based on the ID. Among the swept beams with strong signal quality, one or more swept beams can be selected as anchor, and based on which, additional beam refinement is performed. The selection of anchor beam can be important for UE to pair its UE beam with NW beam.
Observation 3: Beam ID is needed on individual swept beams in order to perform beam measurement results reporting

Observation 4: Anchor beam(s) selection is crucial in beam management, especially for UE to pair UE beam with NW beams.
Proposal 3: Beam ID is carried in swept beams for beam quality reporting.
Proposal 4: Anchor beam(s) is selected and maintained from swept beams for beam management purpose.
3. Requirements for RRM
For RRM, active UE should be able to measure signal quality of its neighboring TRPs, either from serving cell or from neighboring cells. Further, UE should be able to select swept beams with meaningful strength for RRM measurement. All of these suggest the requirements of TRP beam sweeping as well as beam ID in the swept beams, as discussed in previous section.

For initial access, synchronization signals as well as essential system information is periodically broadcasted. From the perspective of idle mode operation, such periodic transmission suffices as long as the cell ID is detectable. If beam is not visible to idle mode UE, the operation is simpler and UE consumes less power. However, due to the lack of beam knowledge, it suffers from longer latency when entering connected mode due to more complicated RACH transmission attempts on Message 1 and Message 2 even when reciprocity holds.
On the other hand, one can consider to unify the idle mode operation with the connected mode design. Conditioned on the need for periodic beam sweeping in connected mode, it is sensible to unify the two into one implementation. This results in periodic beam sweeping with individual beams carrying synchronization signal, essential system information in additional to reference signal required for beam quality measurement. The benefits of such approach include

· With beam ID, initial beam management can take place in UE side during initial access. Early beam knowledge at UE side leads to reduced number of signaling attempts, including RACH preamble transmission attempts and message 2 transmission attempts.

· Reduced latency when entering connected mode from idle mode, due to the reduced number of RACH signaling attempts.

· Initial access delay is not embedded in the initial access procedure. Rather, it is visible only to UE as preparation operation.
· The integration achieves trade-off between transmission overhead and signalling overhead, and the trade-off is designed for common cases where UE density ranges from low to high.
In Figure 3, the differences on RACH with/without beam knowledge is illustrated. Without beam knowledge, initial beam alignment is performed during message 1 transmission. Thus, multiple PRACH preamble from user is required. If reciprocity holds, NW learns which beam can be used to communicating with a concerned UE after successful reception of message 1. However, as the concerned user does not have any beam pairing knowledge, NW has to repeat its message 2 transmission with the identified NW beam for multiple times. 
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Figure 3 Illustration of multiple random access message 1 and message 2 transmission attempts.
In a worst scenario where both UE and NW is equipped with only one transceiver chain, these training turns is conducted in TDM manner. Assuming M switch beams at NW side and N switch beams at UE side, an exhaustive search requires M*N training turns in total. Not only the latency, but also the overhead used for message 1 and message 2 transmission induces an overhead that many times than traditional case. On the other hand, with beam knowledge for NW entry, the resource overhead is the same as traditional case. Table 1 shows examples of required message 1 and message 2 transmissions under different (M,N) setup.
	
	
	Num. of Msg 1 attempts
(MxN)
	Num. Msg 2 attempts
(N)

	N = 4

(Number of UE switch beams)
	M = 4

(Number of NW switch beams)
	16
	4

	
	M = 16
	64
	4

	
	M = 64
	256
	4

	N = 16

(Number of UE switch beams)
	M = 4
	64
	16

	
	M = 16
	256
	16

	
	M = 64
	1024
	16


Table 1. Number of message 1 and message 2 transmission under different NW/UE switch beams assumption.
In principle, beacon signal (synchronization signal and essential system information, etc.) provided for initial access can be of longer periodicity (if initial access delay is tolerable) while for beam sweeping, its periodicity is relatively shorter. Integrating the two would mean increased overhead is used for initial access. However, the increase is limited. Considering that the resources used for beacon signal transmission is limited compared to the whole time-frequency resources, decreasing its periodicity to match the need for beam sweeping usually introduces only marginal throughput impact.
Observation 5: allowing beam detection in idle mode and in initial access reduces the latency for entering connected mode with marginal throughput impact.
Proposal 5: Beam ID information is provided in idle mode.
Proposal 6: RAN1 to include beacon signal used for initial access in beam sweeping procedure.
4. Beam Sweeping Example
In our previous discussions, it is sensible to harmonize the design for connected mode and idle mode in terms of RRM and beam management. An example of such design can be found in Figure 1. In the figure, a set of periodically sweeping beams is used to provide a desired coverage area. The DL sweeping beams are used to provide common control signaling e.g., initial access information, and reference signals for both beam management related measurements and RRM related measurement. The DL sweeping periodicity is predefined and it is possible to have several candidates that can be determined by blind detection. Essentially, this same structure is used for initial access, for idle mode RRM, for connected mode RRM and for beam management. It is noted that while this contribution focus on DL sweeping, we also show, but not limited to, a symmetric UL sweeping pattern in the figure as an example.
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Figure 4: TDM periodic beam sweeping for beam management and for connected/idle modes RRM.
5. Conclusion
In summary, based on the above discussion we have the following observations and proposals for the beam sweeping framework design for NR:

Observation 1: beam sweeping is needed for new transmission path acquisition after initial access.
Observation 2: In many other cases, periodic beam sweeping via broadcasting is desired. Dedicatedly signaled beam sweeping is beneficial from perspective of overhead and energy only when UE density is very low.

Observation 3: Beam ID is needed on individual swept beams in order to perform beam measurement results reporting

Observation 4: Anchor beam(s) selection is crucial in beam management, especially for UE to pair UE beam with NW beams.
Observation 5: allowing beam detection in idle mode and in initial access reduces the latency for entering connected mode with marginal throughput impact.
Proposal 1: Periodic beam sweeping is introduced for acquiring new transmission path.

Proposal 2: Taking broadcasting-based periodic beam sweeping as working assumption.

Proposal 3: Beam ID is carried in swept beams for beam quality reporting.

Proposal 4: Anchor beam(s) is selected and maintained from swept beams for beam management purpose.
Proposal 5: Beam ID information is provided in idle mode.

Proposal 6: RAN1 to include beacon signal used for initial access in beam sweeping procedure.
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