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Introduction
In previous RAN1 meetings, the following agreements were made:
[bookmark: _Hlk485195763]Agreement #1: (RAN1#88)
· At least NR secondary synchronization signal (NR-SSS) is used for DL based RRM measurement for L3 mobility in IDLE mode 
· FFS in IDLE mode potentially additional use of DM-RS for PBCH (if defined) for measurement
· FFS whether or not the NR-SSS alone will satisfy the requirements for RRM measurement 

Agreement #2: (RAN1#88)
· For CONNECTED mode RRM measurement for L3 mobility, CSI-RS can be used, in addition to IDLE mode RS
· Note that RAN1 will consider configuration overhead and possible inter-gNB signaling overhead
· Detection of neighbor cell for measurement is based on NR-SS

Agreement #3: (RAN1#89)
· The transmission of SS blocks within SS burst set is confined to a 5 ms window regardless of SS burst set periodicity
· Within this 5 ms window, number of possible candidate SS block locations is L
· The maximum number of SS-blocks within SS burst set, L, for different frequency ranges are
· For frequency range up to 3 GHz, L is 4
· For frequency range from 3 GHz to 6 GHz, L is 8
· For frequency range from 6 GHz to 52.6 GHz, L is 64
· Note that RAN1 assumes minimum number of SS blocks transmitted within each SS burst set is one to define performance requirements

Agreement #4: (RAN1#88b)
· Study whether or not support mechanism for UE to provide L1/L2 reports based on SS-block measurements for beam management
· FFS which channels/signals in SS-block for measurement
· Especially in light of L3-RSRP
· Study further whether or not to have a unified format for L1-RSRP measurement report of SS-block and CSI-RS

Agreement #5: (RAN1#88b)
· Association between one or multiple occasions for SS block and a subset of RACH resources and/or subset of preamble indices is informed to UE by broadcast system information or known to UE or FFS dedicated signaling
· FFS gNB can configure an association between CSI-RS for L3 mobility and a subset of RACH resources and/or a subset of preamble indices, for determining Msg2 DL Tx beam

In this contribution, we discuss the use of SS for beam management.
[bookmark: _Ref178064866]Discussion
As shown in Agreements #1 and 2 above, at least NR-SSS is used to support both L3 IDLE and CONNECTED mode mobility. Figure 1 shows the structure of the NR-SS signal. It is a periodic, “always-on” signal that is comprised of multiple SS blocks within SS burst set period. Each SS block contains PSS, SSS, and PBCH, and the different blocks within a burst may be transmitted either in a beam sweeping or a wide beam manner depending on the deployment scenario and coverage requirements.
` [image: ]
[bookmark: _Ref480809242]Figure 1: Structure of NR-SS signal used to support L3 IDLE mode mobility. The different SS blocks within a burst may be transmitted either in a beam sweeping or wide-beam manner depending on the deployment.
As shown in Agreement #3 above, the maximum number of SS blocks depends on the carrier frequency, and for > 6 GHz, the maximum number is 64. Hence fairly high spatial resolution (narrow beams) may be achieved. Each SS block will contain a time index, which may be used as a beam identifier.
As discussed in more detail in [1] and evaluated in [2], the SS is a very natural candidate to use for at least the P1 procedure whereby a coarse beam pair link is established during the RACH procedure as the UE enters CONNECTED mode from IDLE and/or INACTIVE. Specifically, the UE measures RSRP on different SS blocks and selects a preferred SS block, e.g., the one with maximum RSRP. The UE then performs random access using RACH resources (i.e., PRACH preamble and the time/frequency allocation) that are specifically associated with the selected SS block. The association between SS blocks and RACH resources are broadcast in system information (see Agreement #5). So, once the gNB receives the RACH preamble, it learns the strongest SS Block the UE has detected. From this point in time, the gNB may use a Tx beam associated with the preferred SS block for initial transmission of PDCCH and PDSCH. Such a coarse beam pair link may be refined later based on UE measurements of UE-specifically configured CSI-RS.
[bookmark: _Toc481076152][bookmark: _Toc481076176][bookmark: _Toc481768005][bookmark: _Ref485190321]NR-SS blocks are used to support initial beam management procedures (P1) during the RACH procedure as the UE enters CONNECTED mode.
The above use of SS for initial beam management procedures is based on “implicit” reporting of an SS beam, and is already agreed. 
RSRP reporting based on SS block
In Agreement #4 above, it has been suggested to study the use of SS to also support beam management. In our view, it makes sense to use SS in some way for beam management in CONNECTED mode motivated by the fact that it is an “always-on” signal and requires little, if no, configuration to the UE. In addition, since measurements on the SS block are used for L3 mobility, the measurements would anyway be available. 
[bookmark: _Ref485190385]The SS block is always-on, and the UE will perform L1 measurements on SS blocks for the purpose of L3 mobility.
The implicit reporting is through a RACH resource that is tied to a specific SS block. However, Agreement #4 goes one step further to suggest explicit reporting, e.g., RSRP, based on SS block measurements. Technically, this seems feasible since UEs measure RSRP on SS blocks anyway to support L3 mobility. During the process of performing measurements for L3 mobility, the UE may also adjust its Rx beam. Furthermore, Tx beams associated with SS blocks can be identified by the UE through the SS block time index, and could be used in some way in an RSRP feedback report to the gNB.
In our view this sort of functionality could be beneficial if it is managed in the right way to balance performance and signalling overhead. One use case we can envision is for the purpose of identifying new beams as they appear due to UE mobility and/or rotation. Since the SS beams typically sweep most of the coverage area of a TRP, use of the SS blocks for beam management could relieve some of the burden on configuration of UE-specific CSI-RS. For example, CSI-RS could be used mainly to refine a more coarse beam identified through SS block measurements, thus avoiding configuring CSI-RS to sweep the entire coverage area. UE specific refinement can be done on an aperiodic basis.
[bookmark: _Toc481768007][bookmark: _Ref485190469][bookmark: _Toc485232449]Support L1/L2 RSRP measurement and explicit reporting on SS blocks for beam management for UEs in CONNECTED mode.
One key aspect to consider is signalling overhead. In order to uniquely identify an SS block from an arbitrary unknown TRP, a fairly large number of bits are required. The PSS and SSS together uniquely identify a cell ID, and it has been agreed to support in the order of 1000 cell IDs (approximately double that of LTE). Hence this requires on the order of 10 bits. Assuming 64 SS blocks in an SS burst set, an additional 6 bits are required to identify the SS block time index. This results in 16 bits, and then if one accounts for an additional 7 bits to represent an RSRP value, a minimum of 23 bits are required to signal an SS beam index and a corresponding RSRP measurement. This is a fairly large value considering what payload sizes are being considered for PUCCH.
To reduce this signalling overhead, the UE could be configured using RRC with a table containing a mapping between full SS block identities and short measurement identities. The full SS block identity would include the ~10bits representing the PSS/SSS identity and the 6 bits representing the beam index, whereas the short measurement identity would be only [3] bits. The short identity would be used both in the measurement triggering and in the measurement report. Therefore, we propose
[bookmark: _Ref485188792][bookmark: _Toc485232450]Support configuring the UE with a mapping between the full SS block identity and a short measurement identity, where the short measurement identity is used in measurement triggering and measurement report.
This approach is similar to the CSI framework, where the UE is configured with a number of CSI-RS resources via RRC. Each CSI-RS resource is then identified by a short identifier, the CRI.
[bookmark: _GoBack]By using a short identity, it would be possible to perform measurements on a preconfigured subset of the available SS block beams. 
Proposal 2 provides a resource-efficient way to perform NW-triggered aperiodic measurements on SS blocks. The measurements are easily incorporated in other beam management procedures, e.g., handling multiple BPLs. 
Other types of reporting require additional study. One option that sometimes pops up is to configure event driven reports. Then the question becomes what the event criteria should be, and what sort of thresholds, hysteresis, and filtering should be built in? All of these factors should be considered. Given these issues, it is still an open question on whether or not a unified feedback format can be supported to cover both L1-RSRP measurement reporting on SS and RSRP/CSI reports on CSI-RS.
SS block as candidate beam identifier
There is yet another relevant use case for the SS in beam management: candidate beam identification in beam recovery as described in [3]. This use case is actually quite similar to the initial access use case. In fact, we rely on the already agreed mapping between an SS block and a subset of RACH resources. Hence, we propose:
[bookmark: _Ref485190486][bookmark: _Toc485232451]Support the SS block as candidate beam identification RS.

Conclusions
In this contribution, we made the following observations:
1. NR-SS blocks are used to support initial beam management procedures (P1) during the RACH procedure as the UE enters CONNECTED mode.
1. The SS block is always-on, and the UE will perform L1 measurements on SS blocks for the purpose of L3 mobility.
Based on the discussion in this contribution we propose the following:
Proposal 1	Support L1/L2 RSRP measurement and explicit reporting on SS blocks for beam management for UEs in CONNECTED mode.
Proposal 2	Support configuring the UE with a mapping between the full SS block identity and a short measurement identity, where the short measurement identity is used in measurement triggering and measurement report.
Proposal 3	Support the SS block as candidate beam identification RS.

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref480816892]R1-1702674, “Beam management overview,” Ericsson, RAN1#88, Athens, February 2017.
[bookmark: _Ref481127491]R1-1711020, “Further results on beam management without beam indication”, Ericsson, RAN1#89AH NR, Qingdao, June 2017
[bookmark: _Ref485152964]R1-1711017, “Mechanism to recover from beam failure,” Ericsson, RAN1#89AH-NR, Qingdao, June, 2017
	4/4	
image1.png
88 Block

S8 Burst Period 20 ms





