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Introduction
In RAN1#87, the following agreements were made in the area of beam management:
Agreements:
· NR supports with and without a downlink indication to derive QCL assumption for assisting UE-side beamforming for downlink control channel reception
· FFS: details
· E.g., QCL assumption details
· E.g., indication signaling (e.g. DCI, MAC CE, RRC, etc.)
· E.g., beam-related indication for DL control and data channels
Agreements:
· NR to provide robustness against beam pair link blocking
· Study mechanisms to achieve the above purpose
· E.g., by enabling PDCCH/PDSCH monitoring with N beams
· E.g., N=1, 2, …
· E.g., TDM monitoring, simultaneous monitoring, etc.
· E.g., by enabling composite beams via e.g., SFBC and/or multi-stage control channel
· The examples are not intended to be exhaustive

In this contribution, we provide an overview of beam management operation (L1/L2 procedure using CSI-RS) that continues the discussion in [1] from the last meeting and incorporating the above agreements. The intention is to provide context to Ericsson’s proposals in other contributions.
[bookmark: _Ref178064866]Discussion
In [1], an overview of beam management was given, and the notion of a “toolbox” of procedures was introduced to cover the wide range of deployment scenarios envisioned for NR. The beam management framework was discussed in the context of which procedures from the toolbox could be used to handle increasing levels of beam management accuracy making use of the P1,P2, and P3 procedures agreed previously in RAN1.
While this contribution focuses on DL beam management, in a companion contribution [2], we discuss UL beam management using procedures U1, U2, and U3 based on configuration of multiple SRS resources at the UE. UL beam management may be required in addition to DL beam management in cases where Tx/Rx beam correspondence does not hold at the gNB and/or UE. If Tx/Rx correspondence does hold, UL beam management could be used as a replacement for DL beam management; however, this may depend on the deployment scenario.
In this contribution, we elaborate on the DL beam management framework in [1] and introduce the notion of a “baseline” beam management procedure and an “extended” beam management procedure drawing on tools from the toolbox. Broadly speaking, the baseline procedure applies to a coarse level of accuracy and the extended procedure to an increased level of accuracy. The baseline procedure is appropriate for short data sessions where only a small amount of data is transmitted in downlink and/or uplink. The key in the baseline procedure is to quickly find a suitable (coarse, good enough) beam pair link, deliver the data in one or only a few transmission opportunities, and then go back to IDLE or RRC_INACTIVE. In the baseline, the focus is on quick, opportunistic data delivery rather than on robustness and throughput optimization. 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 the baseline procedure is used in most cases. 
[bookmark: _Toc471729333]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
In contrast, the extended procedure applies to an enhanced level of accuracy, and is appropriate for longer data sessions. In this case, the UE spends more time in the RRC_CONNECTED state, allowing the network to build in robustness and data throughput optimizations for both the control and data channels before the UE goes back to IDLE or 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. In the latter, the network is made aware of buffer state through regular buffer status reports once the UE is in connected mode.
The key components of the baseline and extended beam management procedures are as follows.
Baseline Procedure
The baseline procedure is characterized by the establishment of a single beam-pair link (BPL) to be used for both control (PDCCH and PUCCH) and data transmission (PDSCH and PUSCH). A BPL consists of the link between the gNB and a UE considering a particular gNB Tx beam and UE Rx beam. The establishment procedure is transparent to the UE in the sense that no explicit downlink signalling is used to inform the UE of what gNB Tx beam is used or what UE Rx beam should be used. Hence, this is the case of operation without downlink indication as in the above agreement.
To enable this, the gNB transmits a sweep of multiple beamformed CSI-RS resources. The transmission can be aperiodic, semi-persistent, or periodic depending, for example, on the system load. gNB Tx beam selection is accomplished through CSI-RS Resource Indicator (CRI) feedback from the UE, similar to Class B, K>1 operation in LTE. The feedback also includes CSI (RI/PMI/CQI) to allow direct scheduling of the UE. Alternatively, only a CSI-RSRP feedback can be configured as the feedback from the sweep, when can be used for rudimentary, coarse link adaptation. 
The baseline procedure primarily consists of procedure P1, and optionally P2/P3 for moderate-length data sessions, i.e., sessions not long enough to warrant the extended procedure.
An illustrative sequence of steps in the baseline procedure is as follows:
1. The gNB configures the UE to measure and report on multiple (K) beamformed periodic CSI-RS resources when the UE transitions from IDLE to CONNECTED, or when the UE hands over to a new cell. For example, the different resources correspond to different gNB Tx beams that cover the whole service area for the gNB. In LTE, this configuration occurs in the RRC Connection Setup procedure (part of Msg4) or the RRC Connection Reconfiguration procedure as part of a handover. Covering the whole service area in a semi-persistent/periodic beam sweep is efficient for the case of moderate to high load where there are a sufficient number of UEs undergoing state changes and/or handover. At low load, it could be more efficient (in terms of resource utilization) to rely on aperiodic CSI-RS transmission on a UE specific basis. In this case, if the gNB has some rough a priori knowledge of user location, e.g., a coarse beam direction obtained during the RACH procedure, then the beamformed CSI-RS resources could be constrained to cover a local area around the coarse beam direction; however, this is transparent to the UE.
2. The UE determines an initial UE Rx beam without dedicated NW assistance. Unless the UE has some a priori knowledge of a suitable beam direction, it will need to use a wide beam. Hence the system must be dimensioned to ensure sufficient PDCCH coverage even if the UE is not using Rx beamforming.
3. Depending on the configuration, the UE reports CRI indicating the best gNB Tx beam in combination with CSI (RI/PMI/CQI) for that beam, or RSRP for multiple of the K beams. The UE will likely need to use a wide beam for transmission of the CSI report, e.g., over PUCCH. Likewise, the gNB will most likely need to use a wide Rx beam for reception of the CSI report. Hence the system must be dimensioned to ensure sufficient PUCCH coverage even without UE Tx and gNB Rx beamforming.
4. The gNB updates it transmit beam based on the UE report and uses that beam for both PDCCH and PDSCH transmissions taking into account the reported CSI. No explicit DL signalling is necessary to indicate the updated gNB Tx beam. In addition, the gNB may use the same beam direction for future reception of PUCCH/PUSCH as long as Tx/Rx correspondence holds at the gNB.
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.
6. Optionally refine the BPL using P2 and/or P3
a. The gNB triggers a UE Rx beam sweep based on configuring one or more aperiodic (UE specific) beamformed CSI-RS resources. For example, if the CSI-RS resources are drawn from an RRC configured pool, the pre-configuration may be performed at the same time as initial connection setup (described above). Then, the needed CSI-RS resources for this step could be dynamically allocated from the pool when needed. The beamformed CSI-RS resources are constrained to cover a local area around the previously used gNB Tx beam. In this procedure, each CSI-RS beam is fixed for some number of time units while the UE tries different Rx beams.
b. The UE feeds back CRI indicating the best gNB Tx beam and simultaneously updates its own Rx beam. The CRI report is accompanied by a CSI report corresponding to the refined BPL. 
c. The gNB updates its Tx beam based on the CRI report from the UE. This refined BPL is used for the remaining PDCCH/PDSCH transmissions in the data session.

Extended Procedure
The extended procedure is intended for long data sessions where there is time to build in extra robustness for PDCCH transmission and optimize PDSCH transmissions. The procedure is characterized by establishment of at least a second beam-pair link (BPL) to be used for PDCCH robustness purposes (see [3]). The first BPL is referred to as the “active BPL,” and the second (backup) one as the “monitored BPL.” The purpose of having two links is for recovery from sudden blocking events that can occur at mmW frequencies. The approach proposed in [3] is for the UE to periodically search for PDCCH transmissions on the monitored BPL with a relatively low duty cycle, e.g., 1 in 10 slots. The periodicity is agreed between gNB and UE such that the UE knows to switch its Rx beam to search for the PDCCH on the monitored BPL during the appropriate slot. In this way, if the active BPL is blocked, PDCCH still gets through. This can be detected at the gNB, and if the blockage continues, the gNB can switch BPLs such that the monitored BPL becomes the new active BPL. Maintaining two BPLs and possibly switching between them requires the use of a BPL identifier, or tag, for the gNB to indicate to the UE which BPL is updated on an ongoing basis. Hence, this is the case of operation with downlink indication as in the above agreement.
[bookmark: _Toc471389362][bookmark: _Toc471729334]NR supports dynamic indication of an identifier to distinguish between two or more beam pair links maintained by the gNB/UE.
An illustrative sequence of steps in the extended procedure is as follows:
1. The gNB triggers a refinement of the first (active) BPL using the same procedure as in Step 6 above (P2 and/or P3 procedures), except that when the CSI measurement is triggered, the gNB also transmits an identifier to the UE, e.g., 2 bits, which is used to indicate which BPL is being updated. For example, the 2-bit identifier could be set to ‘00’ which is reserved for the active BPL.
2. The UE stores (remembers) the refined Rx beam setting according to the identifier for the active BPL.
3. The gNB triggers the establishment of a second (monitored) BPL using the same procedure as in Step 6 above, except that it avoids using the same gNB Tx beam as the active BPL. Furthermore, it may configure a beam sweep over a wider area than that used to refine the active BPL in order to discover a new link. Along with the CSI measurement trigger, the gNB transmits a 2-bit identifier with value set, e.g., to ‘01’ to indicate that the gNB Tx beam and UE Rx beam is being updated for the monitored link.
4. The UE stores (remembers) the Rx beam setting according to the identifier for the monitored BPL. The UE then switches back to the Rx beam used for the active BPL for reception of the next PDCCH transmission.
5. On as “as needed” basis, the gNB triggers further refinements/updates of both the active and monitored BPLs using the same process as above.
6. The UE searches for PDCCH transmissions most of the time on the active BPL. With a lower duty cycle (agreed between gNB and UE), the UE searches for PDCCH transmissions on the monitored BPL for one or a few slots. In the case that the active BPL becomes blocked, PDCCH transmission may still be received by the UE as long as the monitored BPL does not suffer a similar blocking.
a. If the active BPL remains blocked, the gNB may trigger a switch of the BPLs such that the monitored BPL becomes the new active BPL and transmit an indication to the UE at the next possible monitoring instance. The UE responds by switching its Rx beams such that the PDCCH is monitored most often on the new active BPL and less frequently on the new monitored BPL.
b. The gNB may then trigger an update of the monitored BPL to find a better (unblocked) link 
7. If both BPLs become blocked (catastrophic condition) then the UE may declare a radio link failure and initiate an RRC Connection Re-establishment  procedure as in LTE. This process is UE initiated through a RACH attempt to the previous or a new cell. Once re-connected, the beam management process starts again with the baseline procedure and moves to the extended procedure if still needed.
8. In addition to establishing active/monitored links for PDCCH robustness, the gNB may establish a 2nd active BPL, not to be used for PDCCH transmissions, using a different identifier value, e.g., ’11.’ The additional active link may be used for optimizing PDSCH performance. For example, higher rank transmission could be supported for D-MIMO or multi-panel transmission. Since the establishment of BPLs may take some time, this optimization is intended for longer data sessions, thus fits better in the extended, rather than baseline procedure.
Conclusions
In this contribution we made the following observation:
Observation 1	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

Based on the discussion in this contribution we propose the following:
Proposal 1	NR supports dynamic indication of an identifier to distinguish between two or more beam pair links maintained by the gNB/UE.
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