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1. Introduction

In RAN1#Ac-Hoc meeting in January, multi-beam based initial access including beam management procedure and SS-block design was discussed with the following agreements:
Agreements:
· For a given frequency band, an SS block corresponds to N OFDM symbols based on the default subcarrier spacing, and N is a constant.

· The signal multiplexing structure is fixed in a specification

· UE shall be able to identify at least OFDM symbol index, slot index in a radio frame and radio frame number from an SS block.

· The signals included in the SS block are FFS between 

· Alt 1: PSS, SSS and PBCH; and 

· Alt 2: PSS, SSS, TSS and PBCH.

· Note 1: it does not preclude possibility of multiplexing MRS and/or data transmission in the SS block.

· Note 2: It does not preclude the possibility of skipping PBCH in other SS blocks.

Agreements:
· The time index/indices of an SS block from which UE will derive symbol, slot index in a radio frame is/are to be down-selected from the following alternatives:

· Alt.1: One time index for every SS-block within an SS-burst set 

· Alt.2: One time index that is specific to each SS-block within an SS-burst, and an SS burst index that is specific to each SS burst within an SS-burst set. SS burst index is common across SS blocks in each SS-burst.

· Possible mechanisms to indicate the SS block index includes

· Implicit indication by PBCH

· Explicit indication by PBCH

· Indication by an additional SS, if such an additional SS is introduced

· Indication by NR-SS

· Note that this does not preclude other mechanisms

· By default, the UE may neither assume the gNB transmits the same number of physical beam(s), nor the same physical beam(s) across different SS-blocks within an SS burst set.

Agreement:

· RSRP(s) can be measured from the IDLE mode RS. 

· One RSRP value is measured from the IDLE mode RS per SS block.

· FFS: UE measures one RSRP value from multiple SS blocks in an SS burst set

· The measured values are referred to “SS-block-RSRP”

· It is RAN1’s understanding that “SS-block-RSRP” may correspond to the “beam quality” in RAN2 agreements in multi-beam case, at least in IDLE mode.

· RSRP(s) can be measured from the additional RS for CONNECTED mobility if such additional RS are defined (note that this is not yet agreed in RAN1)

· FFS: How to derive RSRP value(s) utilizing the antenna ports and resource(s) of the RS

· FFS: Association of the measured qualities in CONNECTED mode to the “beam quality” in RAN2 agreement in CONNECTED mode

· Note: It is up to RAN2 how to derive cell-level quality from the measured value(s) for L3 mobility
In this contribution, we further discuss the design of SS-block to support multiple beams for NR.
2. Discussion
Both single beam based and multi-beam based initial access would be supported in NR. For single beam based approach, similar mechanism as that in LTE or a compatible mechanism with multi-beam approach can be considered. For the latter method, single beam based initial access can be a special case of multi-beam based initial access. For example, a SS-burst includes only single SS-block, and a SS-burst set includes single SS-burst. Even when a unified initial access mechanism is introduced for RAN1, the procedure can be simplified and UE complexity can be reduced if UE knows only single beam would be used at the beginning of initial access. UE needs not blindly detect possible multiple SS-blocks or multiple SS-bursts using different beams. As an example, the number of beams can be carried by the signal/channel (e.g. PBCH) in each SS-block and UE can know it once it detects a SS-block.
Proposal 1: Whether single beam based or multi-beam based initial access is used can be implicitly indicated in a SS-block.
The terminologies {SS-block, SS-burst and SS-burst set} were introduced for beam management via initial access. There can be multiple methods to exploit these terminologies to determine beams. For example, different SS-blocks within a SS-burst can use different Tx beams for gNB Tx beam management, and different SS-bursts within a SS-burst set can use the same Tx beam set for UE Rx beam management, as shown in Fig.1 (taking 4 Tx beams as example). Another method is exploiting multiple SS-bursts for Tx beam management as shown in Fig.2. In case the number of Tx beams and time index of SS-blocks is indicated or known to UEs, UE could know the number/index of SS-blocks in a SS-burst in Fig.1 after detection. UE could continuously detect N SS-bursts if it has N Rx beam candidates. However, since the number of Rx beams can be UE implementation and different UE by UE, gNB is difficult to decide the number of SS-blocks in a SS-burst in Fig.2. If a large number is applied, there would be unnecessary latency for UE with few Rx beams. Therefore, the former method in Fig.1 is preferred. Furthermore, the number of SS-blocks/Tx beams in a SS-burst can be indicated to UE via signal/channel in each SS-block to provide gNB flexibility. The candidate values should at least includes one which means single beam based initial access is used.
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Fig.1 Tx beam management via multiple SS-blocks
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Fig.2 Tx beam management via multiple SS-bursts
Proposal 2: Use multiple SS-blocks within one SS-burst for Tx beam management and multiple SS-bursts for Rx beam management.
Proposal 3: The number of SS-blocks within a SS-burst can be indicated to UE via signal/channel in each SS-block and the candidate values should at least includes {1,N(N>1)}.

It’s FFS whether the time index of an SS-block is indexed within a SS-burst or across multiple SS-bursts in a SS-burst set. If the number of SS-blocks within a SS-burst is known to UE as proposal 3, the two alternatives are equivalent and UE could know the SS-burst index based on a SS-block index in Alt.1. Therefore, indexing the time index for each SS-block within a SS-burst set can be considered to simplify the signaling.
Proposal 4: Define one time index for each SS-block within an SS-burst set (Alt.1) and SS-burst index is not needed.
3. Conclusions
In this contribution, we discuss the design of SS-block to support beam management. We have the following proposals:
Proposal 1: Whether single beam based or multi-beam based initial access is used can be implicitly indicated in a SS-block.
Proposal 2: Use multiple SS-blocks within one SS-burst for Tx beam management and multiple SS-bursts for Rx beam management.
Proposal 3: The number of SS-blocks within a SS-burst can be indicated to UE via signal/channel in each SS-block and the candidate values should at least includes {1, N(N>1)}.
Proposal 4: Define one time index for each SS-block within an SS-burst set (Alt.1) and SS-burst index is not needed.
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