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[bookmark: _GoBack]Introduction
So far there has not been many discussions about beam management in RAN2. In RAN2#95 in Gothenburg, the following has been agreed:=>	Discussion of this topic will be treated with lower priority until RAN1 have concluded whether the beam mobility will have visibility to L2/3

From current RAN1 agreements it is not yet clear whether there will be L2/3 visibility and in that case how much. However, it is expected that there could be some involvement at least in terms of high layer configuration of reference signals for measurements to support the beam management procedures necessary to enable the network to beamform its data and control channels (e.g. PDCCH like and PDSCH like channels) in an optimized manner. In addition to the potential beam management configuration, there could also be some UE behaviour associated to some failure detection and failure autonomous actions that may also require some level of involvement from the higher layers. However, in our view, it would be much faster to progress on these once RAN1 describes in more details these scenarios.
Independently of that discussion, in our view it is beneficial to start the beam management discussions in RAN2 by discussing its envisioned usage, especially considering that at least two procedures currently being discussed in RAN2 involve beamforming aspects: random access and RRC driven mobility. 
This papers tries to explains the usage of the so-called beam management procedures as defined in RAN1.
[bookmark: _Ref178064866]Discussion
As explained in another contribution, an RRC_IDLE or RRC_INACTIVE UE would camp in a cell and perform a state transition to RRC_CONNECTED if it wants to transmit data. When NR is deployed in higher frequencies it should be possible to transmit the so-called SS Block Set (comprised of at least of the NR synchronization signals NR-SS and some level of minimum system information) in a beam sweeping manner.
Although for the same cell the same NR-SS encoding the cell ID will be transmitted in the multiple beams the additional system information should contain means so the UE should be able to acquire a RACH configuration so that the RACH preamble transmission enables the following steps in the gNB:
· Perform Rx beamforming for preamble detection;
· Identify the strongest DL beam(s) to transmit the random access response to the UE.
Once the network has selected that Tx DL beam to transmit the random access response (RAR) it may continue the RRC resume procedure i.e. RRCConnectionResumeRequest, RRCConnectionResume, RRCConnectionResumeComplete. Once the RRC resume procedure is complete, an RRC configuration is expected and may contain further information associated to beam management and/or L3 mobility.
Observation 1 Initial access procedures (e.g. RACH) will have a beam management procedure so that Rx beamforming including analog beamforming can be applied at the network side for RACH preamble detection.
Strive for a solution where uplink preamble detection should provide means to enable the network to identify the best DL beam to transmit a RAR and continue the RRC connection resume procedure.
Note that in observation 1, beam management is used in a little wider context than what is assumed in RAN1: we consider also the handling of beams during initial access and not only the L1/L2 procedure in connected mode.
Once the UE enters RRC_CONNECTED, the UE and the network should make sure that it may at least continue using the best Tx for DL transmissions which may change e.g. due to UE movements like rotation or blockage. Another meaning of ‘changing’ in that context could be that the beam to be used in the DL when the UE is in RRC_CONNECTED might even have quite different properties compared to the DL beam used to convey the control plane messages e.g. in terms of beam width. While wide beam transmissions could be used for the channels and signals supporting RRC_INACTIVE/RRC_IDLE UEs, narrow beam with high gain for RRC_CONNECTED UEs can be used (e.g. to support the transmission of high gain PDSCH). Furthermore, different physical channels may use different beams, e.g., PDCCH may use a different beam than PDSCH and even transmitted from different TRPs, in the same slot.
In RRC_CONNECTED the network should have means to decide how to optimally beamform DL control and data channels. That could include the selection of beams previously used.

Before we discuss solutions for that, from a higher layer point of view, we should keep in mind that a very typical scenario expected in NR, as in LTE, will be when the UE finishes its data transmission and the network moves the UE to RRC_INACTIVE. Then, after some time, it comes back to RRC_CONNECTED to use some low data rates service. In that case, the UE should quickly find a suitable i.e. coarse and good enough, beam pair link (BPL), deliver the data in one or only a few transmission opportunities, and then go back to RRC_INACTIVE. Notice that the focus is on quick, opportunistic, robust data delivery rather than throughput optimization which requires more extensive beam management procedure steps. In today’s networks, the traffic profile is such that a very large fraction of data sessions, e.g., 90%, are short. Hence it is envisioned that such baseline procedure using coarse (e.g. somewhat wider and more robust) beams are used in most cases.
Observation 2 [bookmark: _Toc471729333][bookmark: _Toc474156998]Most packets in today’s network are small and appear bursty, which implies that some baseline beam management should be in place to handle these packets without extensive beam management procedures.

Single BPL establishment (baseline)
In our view, as described above, the establishment of a single BPL after entering RRC_CONNECTED should be a baseline solution, in the sense that it will probably be one of the beam management procedures most used. Hence, in our view that procedure should be fast, robust, and preferably with low signalling overhead, characterized by the establishment of a single beam-pair link (BPL) to be used e.g. for both control (PDCCH and PUCCH) and data transmission (PDSCH and PUSCH).
It is not yet clear how the discussion on additional RS to be used in RRC_CONNECTED L3 mobility may impact the design of the beam management procedures (and vice versa). Depending on the design of the additional RS, there could be some usage for the single BPL establishment. In fact, one of possibilities is to use the same RS defined for mobility as the RS defined for beam management, at least at certain extent for some basic procedures (or vice versa). Current discussions talk about mobility RS (MRS) or CSI-RS. There is also the possibility to have both RSs, where the first is primarily used for mobility but, when configured, can be used for some limited level of beam management procedures (i.e. MRS) while the second (i.e. CSI-RS) is primarily used for beam management procedures, such as beam refinement.
Observation 3 It is still unclear in RAN1 whether MRS, CSI-RS or both will be used in beam management procedures.
However, RAN1 has agreed that an RRC_CONNECTED UE should be able to at least measure CSI-RSs for at least some beam management procedures composed of K number of configured beams and reporting measurement results of N selected beams, as shown below (taken from the chairman notes of the RAN1#NR-AdHoc):Agreements:
· UE measurement based on RS for beam management (at least CSI-RS) composed of K (= total number of configured beams) beams and reporting measurement results of N selected beams:
· N is not necessarily fixed number 
· FFS: whether/how to configure and/or indicate the values of N
· Note: The above procedure based on RS for mobility purpose is not precluded.
· Reporting information at least include
· Measurement quantities for N beam (s) 
· FFS: Detailed reporting contents, e.g., CSI, RSRP or both
· FFS: How to select N beam(s)
· FFS: how to identify the subset
· Information indicating N DL Tx beam(s), if N < K
· FFS: the details on this information, e.g., CSI-RS resource IDs, antenna port index, a combination of antenna port index and a time index, sequence index, etc.


Note: In this paper we simply assume the usage of the CSI-RS regardless how the debate will move forward in RAN1 however, most of the framework is not limited to that and could at some extent rely on mobility RS.
To enable the establishment of a BPL (DL Tx beam at the network and Rx beam at the UE or vice versa) the gNB transmits a sweep of multiple (K) beamformed CSI-RS resources. How the gNB shapes the beams (e.g., beamwidth, gain, sidelobes, etc.) is an gNB implementation issue, and the UE should not assume that these beams have any relation to the any beams use for synchronization during initial access. That is not only valid for the baseline solution but also for other solutions. 
RAN2 understanding that at least CSI-RS is used for beam management procedures in RRC_CONNECTED. FFS how additional RS could be used for beam management.
It is envisioned that to reduce the signaling the BPL establishment, the basic procedure should be transparent to the UE i.e. no explicit downlink signalling is used to inform the UE what Tx beam is used or what UE Rx beam should be used. A possible solution being discussed in RAN1 focus on the DL measurement approach based on CSI-RS where the UE reception of CSI-RS without beam-related indication. The baseline procedure primarily consists of procedure P1 agreed in RAN1:P-1: is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s) 



The solution without beam indication, in a high level, consists of the following steps:
1. The gNB configures the UE to measure and report on multiple (K) beamformed CSI-RS resources using PDCCH, e.g. using the same beams as during the RACH procedure or a wide beam.
2. The UE determines an initial UE Rx beam without dedicated NW assistance for the identified best CSI-RS resource/beam e.g. the same beams as during the RACH procedure or a wide beam. 
3. Depending on the configuration, the UE reports a CSI-RS resource (i.e. a Tx beam) selection report including CSI or RSRP using a wide transmit beam for PUCCH or using the same beams as for PRACH and stores the preferred RX beam for the reported best Tx beam (i.e. CSI-RS resource).
4. From now on, the gNB uses the best reported beam for both PDCCH and PDSCH transmissions. Preferably, no explicit DL signalling should be needed to indicate the selected gNB Tx beam as it is implicit in the report from the UE. In addition, the gNB may use the same beam direction for future reception of PUCCH/PUSCH as long as RX/TX beam correspondence holds at the gNB, which is the common case.
5. The gNB determines the expected duration of the data session, for example, through its observability of DL/UL buffer status. Since much of the traffic consists of short data sessions, it may often happen that all data has been delivered in one or at most a few slots. If so, then the baseline procedure as described above is all that is necessary for a given UE. For longer data sessions, but not long enough to invoke the extended procedure described in the next section, it may be beneficial to refine the established beam pair link. If so, the BPL may be refined using procedures P2 and/or P3.

A key point in the above steps is that the initial CSI-RS beam sweep the UE receives the CSI-RS without explicit beam-related indication from the gNB thanks to the fact that the baseline procedure establishes only a single BPL. 
RAN2 understanding is that beam management procedure without explicit beam indication aims to establish a single, active BPL and operates without beam indication.
Active BPL in the baseline procedure is established implicitly on the network side as the latest reported strongest Tx beam.
Active BPL in the baseline procedure is established implicitly on the UE side as the RX beam associated with the latest reported “best” Tx beam.
RAN2 to further study the higher layer implications of the baseline procedure for single BPL establishment. 

Next steps
In addition to the baseline, an extended procedure might be required for an enhanced level of accuracy, appropriate for longer data sessions. In this case, the UE spends more time in the RRC_CONNECTED state, allowing the network to build in additional robustness and data throughput optimizations for both the control and data channels before the UE goes back to RRC_INACTIVE. The division between short and long is not necessarily clear cut; however, the network has visibility on what procedures to invoke (baseline or extended), for example, using its knowledge of buffer states in both the DL and the UL.
Another topic that would soon require further discussions is RAN2 is beam recovery. That is envisioned to be a UE triggered procedure in RRC_CONNECTED when the UE is certain that the network is not able to reach it. In our view, some aspects require RAN2 involvement such as the triggering mechanisms, likely to be configured via RRC signalling, and the relation with the whole RLF triggering procedures. 
RAN2 understanding is that beam recovery is a UE triggered procedure configured by higher layers to be triggered when the UE is certain that the network is not able to reach it.
RAN2 should study beam recovery triggering configuration and the relation between RLF and beam recovery.
Conclusion
Based on the discussion in section 2 we propose the following:
Proposal 1	Strive for a solution where uplink preamble detection should provide means to enable the network to identify the best DL beam to transmit a RAR and continue the RRC connection resume procedure.
Proposal 2	In RRC_CONNECTED the network should have means to decide how to optimally beamform DL control and data channels. That could include the selection of beams previously used.
Proposal 3	RAN2 understanding that at least CSI-RS is used for beam management procedures in RRC_CONNECTED. FFS how additional RS could be used for beam management.
Proposal 4	RAN2 understanding is that beam management procedure without explicit beam indication aims to establish a single, active BPL and operates without beam indication.
Proposal 5	Active BPL in the baseline procedure is established implicitly on the network side as the latest reported strongest Tx beam.
Proposal 6	Active BPL in the baseline procedure is established implicitly on the UE side as the RX beam associated with the latest reported “best” Tx beam.
Proposal 7	RAN2 to further study the higher layer implications of the baseline procedure for single BPL establishment.
Proposal 8	RAN2 understanding is that beam recovery is a UE triggered procedure configured by higher layers to be triggered when the UE is certain that the network is not able to reach it.
Proposal 9	RAN2 should study beam recovery triggering configuration and the relation between RLF and beam recovery.
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