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Introduction
In prior meetings the following agreements were made within the Initial Access & Mobility agenda item:
Initial Access & Mobility

Agreement #A1:
· 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 #A2:
· 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 #A3:
· For CONNECTED mode RRM measurement for L3 mobility based on CSI-RS, NR supports following targets for CSI-RS design and configuration:
· Design:
· Reuse CSI-RS design for beam management as baseline
· Identify additional requirements on the CSI-RS to support L3 mobility
· Configuration:
· Support measurement of a large number of beams
· Minimize configuration overhead, reporting overhead, and UE complexity 
· FFS: Detailed signaling or format

Agreement #A4:
· For Connected mode, CSI-RS are supported to be configured using at least dedicated RRC signaling for DL based RRM measurement for L3 mobility.
· Note that signalling other than dedicated RRC signalling is not precluded
· 
Agreements #A5:
· 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

The following agreements were made in the MIMO agenda item related to beam management:
Beam Management

Working assumptions #B1:
· Beam management procedures can utilize at least the following RS type(s):
· RS defined for mobility purpose at least in connected mode
· FFS: RS can be NR-SS or CSI-RS or newly designed RS
· Others are not precluded
· CSI-RS:
· CSI-RS is UE-specifically configured
· Multiple UE may be configured with the same CSI-RS
· The signal structure for CSI-RS can be specifically optimized for the particular procedure
· Note: CSI-RS can also be used for CSI acquisition
· Other RS could also be considered for beam management such as DMRS and synchronization signals

Agreement #B2:
· For UE RRC connected mode, periodic signal is supported at least for P1 procedure (Tx/Rx beam alignment) using following options in addition to UE-specifically configured CSI-RS. Down selection from following options will be conducted in the next meeting.
· Opt. 1: SS blocks
· Opt. 2: Cell-specifically configured CSI-RS
· Configuration of CSI-RS is obtained from the broadcast message (e.g., MIB, SIB)
· Opt. 3: No additional option

In this contribution we discuss our views on the need for an signal on top of UE-specifically configured CSI-RS to support beam management procedures.
[bookmark: _Ref178064866]Discussion
Reference Signals Supporting L3 Mobility
Summarizing agreements #A1-A5 related to L3 mobility, we have the following 
L3 IDLE Mode Mobility
· NR-SSS is used for DL-based RRM measurements
L3 CONNECTED Mode Mobility
· CSI-RS can be used for DL-based RRM measurement in addition to NR-SSS
· CSI-RS is configured at least through dedicated (UE-specific) RRC signalling
· CSI-RS for L3 mobility reuses the CSI-RS design for beam management as a baseline 
Figure 1 shows the structure of the NR-SS signal used for L3 IDLE mode mobility purposes. 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.
Figure 2 shows one configuration of CSI-RS used in addition to SS to support L3 CONNECTED mode mobility purposes. The use of CSI-RS in addition to SS is beneficial in several deployment scenarios. Examples include deployment scenarios where SS is transmitted from multiple TRPs in an SFN manner or from “hidden” nodes not transmitting SS where in-bound mobility is still desired. Note that a key aspect of CSI-RS is that it is configured through dedicated (UE-specific) RRC signalling, and thus is not an “always-on” signal, unlike SS. Note that the same applies for CSI-RS in LTE. In some deployments, it could be decided not to configure CSI-RS for energy efficiency purposes, for example, during very low load periods where handover events are infrequent.
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[bookmark: _Ref480810679]Figure 2: UE-specifically configured CSI-RS used in addition to SS to support L3 CONNECTED mode mobility. The different colors represent different beams transmitted, e.g., in a beam sweeping manner.
Reference Signals Supporting Beam Management
In agreement #B2, a down-selection is proposed between 3 options for an additional periodic signal for the P1 beam management procedure on top of UE-specifically configured CSI-RS:
· Opt. 1: SS blocks
· Opt. 2: Cell-specifically configured CSI-RS (UE obtains configuration by a broadcast message)
· Opt. 3: No additional signal
In light of working assumption in #B1, Opt. 1 is already supported for beam management. Moreover, since SS is already agreed to be an “always-on” and periodic signal used for L3 mobility in both IDLE and CONNECTED modes, it does not make sense to exclude its use for beam management procedures as well. Hence in our view Opt. 1 should not be excluded, and Opt. 3 should be removed – why prevent using a signal that is already there? As discussed in more detail in [1], 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. 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., RACH preamble) that are specifically associated with the selected SS block. The association between SS blocks and RACH resources are broadcast in system information. So, once the gNB receives the RACH preamble, it learns which SS block the UE prefers. This association is described also in #A5. From that point on, 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: _Ref480828954][bookmark: _Toc480831021][bookmark: _Toc481765890]NR-SS blocks may be used to support initial beam management procedures (P1) during the RACH procedure as the UE enters CONNECTED mode.
Opt. 2 proposes using a cell-specifically configured periodic CSI-RS signal for P1, where the UE obtains the configuration information for CSI-RS from a broadcast message, e.g., MIB, SIB. In our view there are at least two main reasons why Opt. 2 is not desirable:
· A periodic CSI-RS signal is already available for UEs in CONNECTED mode
· As per agreement #A2 and shown in Figure 2, a periodic CSI-RS can be configured to support L3 CONNECTED mode mobility, hence it makes sense to reuse this signal if possible for beam management. This is especially true since it has been agreed to use the CSI-RS design for beam management as a baseline. Configuration of an additional CSI-RS signal would create additional unneeded overhead. Furthermore, use of cell-specifically configured CSI-RS would provides limited configuration options, and it would require the UE to read system information of neighbours to perform neighbour cell measurements.
· Cell-specific configuration of CSI-RS may result in an “always-on” signal
· Since UE-specifically configured CSI-RS is already supported as per agreements #B1 and #A4, and since either all or a subset of UEs in a cell may be configured with a common CSI-RS, cell-specific configuration does not appear to introduce any advantages. In fact, cell-specific configuration may result in an “always-on” signal, which goes against one of the design guidelines for NR. Although it could be possible to turn off the cell-specific CSI-RS in principle, it would be difficult to do that in practice, since UEs must be notified of system information updates through paging.
· Cell-specific configuration may result in increased latency
· Since the configuration of a cell-specific CSI-RS would be conveyed in system information, the UE would need to make sure that its CSI-RS configuration is up-to-date before the cell-specific CSI-RS can be used for the P1 procedure. This may result in an additional latency.

[bookmark: _Toc481765888]In CONNECTED mode, a periodic CSI-RS signal is already supported for both beam management and L3 mobility. An additional periodic CSI-RS signal may introduce unnecessary “always-on” overhead, and configuration via system information only provides limited configuration flexibility.
Based on the above discussion it is proposed to exclude Opt. 2 and 3, leaving Opt. 1 only for CONNECTED mode. Hence UEs in connected mode can make use of periodic SS to support the P1 beam management procedure as outlined in Proposal 1. We further propose
[bookmark: _Toc480831022][bookmark: _Toc481765891]For UEs in CONNECTED mode, CSI-RS for beam management is always UE-specifically configured with dedicated RRC signalling. 
Note that the CSI framework provides very large configuration flexibility. Hence, Proposal 2 does not in any way limit how CSI-RS is transmitted. For instance, CSI-RS can be transmitted FDM with the SS block, or TDM with the SS block, and any number of UEs can be configured to perform measurements on the transmitted CSI-RSs, once they have entered CONNECTED mode.
[bookmark: _GoBack]In the previous meeting there was some discussion on the use of a cell-specifically configured CSI-RS signal also for UEs in IDLE mode to support beam management functions. So far, most discussion in RAN1 has implicitly assumed that beam management is characterized by a set of CONNECTED mode procedures, so it is not immediately clear what is meant by IDLE mode beam management. However, if the purpose is to establish a coarse beam direction prior to UEs entering CONNECTED mode, then the periodically transmitted SS may be used for that purpose, especially if it is transmitted in a beam-swept manner as shown in the left portion of Figure 1. Agreement #A5 even describes how the information is conveyed to the network. If SS is transmitted in an SFN manner from multiple TRPs, such initial beam finding may not be possible, and the UE would need to wait until entering CONNECTED mode to be RRC configured with multiple CSI-RS resources in order to perform the P1 procedure. Our view is that this small extra latency is not significant enough to warrant the high overhead associated with an additional TRP-specific periodic signal on top of SS that is already available to UEs in IDLE mode. Furthermore, configuration of such a TRP-specific CSI-RS will be complicated, since all the TRPs share the same system information.
Another drawback of a cell-specific configuration is that it may result in higher UE measurement effort in IDLE mode. As part of its cell reselection procedure, the UE performs measurements on the SS block. To minimize the latency, the UE might need to continuously monitor also the cell-specifically configured CSI-RS, thus increasing power consumption.
[bookmark: _Toc481765889]A cell-specifically configured CSI-RS for use by UEs in IDLE mode, is not justified given the cost in overhead, additional UE power consumption, and the inability to turn it off when not needed.
[bookmark: _Toc480831023][bookmark: _Toc481765892]For UEs in IDLE mode, only the periodic SS is used for any beam-related procedures prior to entering CONNECTED mode. 
Conclusions
In this contribution we made the following observations:
Observation 1	In CONNECTED mode, a periodic CSI-RS signal is already supported for both beam management and L3 mobility. An additional periodic CSI-RS signal may introduce unnecessary “always-on” overhead, and configuration via system information only provides limited configuration flexibility.
Observation 2	A cell-specifically configured CSI-RS for use by UEs in IDLE mode, is not justified given the cost in overhead, additional UE power consumption, and the inability to turn it off when not needed.

Based on the discussion in this contribution we propose the following:
Proposal 1	NR-SS blocks may be used to support initial beam management procedures (P1) during the RACH procedure as the UE enters CONNECTED mode.
Proposal 2	For UEs in CONNECTED mode, CSI-RS for beam management is always UE-specifically configured with dedicated RRC signalling.
Proposal 3	For UEs in IDLE mode, only the periodic SS is used for any beam-related procedures prior to entering CONNECTED mode.
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