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Introduction
In RAN1#86, the following agreement was made:
· The following DL L1/L2 beam management procedures are supported within one or multiple TRPs:
· P-1: is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s)
· For beamforming at TRP, it typically includes a intra/inter-TRP Tx beam sweep from a set of different beams
· For beamforming at UE, it typically includes a UE Rx beam sweep from a set of different beams
· FFS: TRP Tx beam and UE Rx beam can be determined jointly or sequentially
· P-2: is used to enable UE measurement on different TRP Tx beams to possibly change inter/intra-TRP Tx beam(s)
· From  a possibly smaller set of beams for beam refinement than in P-1
· Note: P-2 can be a special case of P-1
· P-3: is used to enable UE measurement on the same TRP Tx beam to change UE Rx beam in the case UE uses beamforming
· Strive for the same procedure design for Intra-TRP and inter-TRP beam management
· Note: UE may not know whether it is intra-TRP or inter TRP beam 
· Note: Procedures P-2&P-3 can be performed jointly and/or multiple times to achieve e.g. TRP Tx/UE Rx beam change simultaneously
· Note: Procedures P-3 may or may not have physical layer procedure spec. impact
· Support managing multiple Tx/Rx beam pairs for a UE
· Note: Assistance information from another carrier can be studied in beam management procedures
· Note that above procedure can be applied to any frequency band
· Note that above procedure can be used in single/multiple beam(s) per TRP 
· Note: multi/single beam based initial access and mobility treated within a separate RAN1 agenda item

In this contribution, we discuss further beam management principles.
Beam management framework
As agreed in the previous meeting, beam management is a L1/L2 procedure which aims to find and dynamically maintain the best TRP- UE beam pair for a UE. Since the beamformed channel is a spatially filtered channel and the beamwidth could be very narrow, the beam pair channel may change rapidly. Hence L3 procedures are too slow to handle the beam management and therefore the procedure resides in the L1/L2 framework so that measurements and reporting can be very fast. 
Moreover, the need for beam management is UE specific in terms on how often new measurements are needed since different UE have different mobility. Also, the need for beam management measurements also depends on the traffic activity for a certain UE, and the triggering of beam measurements should be based on the need, to save UE battery and to minimize unnecessary transmissions. 
In NR, a CSI framework will be established for link adaptation and it is preferable if this framework also can handle the beam management. In our view, the CSI framework in NR will be “on demand” with aperiodic triggering of CSI reports and this can be utilized also for beam management. In some sense, beam management to refine and tune to the best TRP-UE beam pair is costly in overhead and power consumption so it is preferable to be performed when there is data to transmit or receive and therefore it is tightly coupled to CSI reporting. For instance, the CSI-RS in DL and SRS in UL can be used for measurements related to beam management. Hence, introducing CSI-RSRP measurements for the beam management purpose could be added to the “normal” CSI framework. 
[bookmark: _Toc462917435]It is beneficial to use the same reference signal for beam management as used for attaining channel state information (CSI), e.g. rank indicator, precoding matrix indicator and modulation and CQI, to quicker go from beam management to acquiring CSI
And thus we propose
[bookmark: _Toc462917438][bookmark: _Toc462982527]Handle beam management within the CSI framework in NR (i.e. the framework used for link adaptation of data transmission). 
Furthermore, in our view, beam management measurements are different from mobility measurements in the sense that mobility takes care of handover between beams that may require different synchronization references, typically using different base bands units. For mobility measurements, dedicated mobility reference signals (MRS) are proposed [1] which includes a synchronization signal while for beam management, the CSI-RS are used; we propose to use CSI-RS without the need for a dedicated sync signal associated with each CSI-RS resource. Still, there may be a need to associate,the set of CSI-RS with some reference signal (e.g. the same reference signal as for data, the MRS or some other RS) for coarse synchronization by using the QCL framework.
[bookmark: _Toc462917439][bookmark: _Toc462982528]Use CSI-RS for beam management measurements
Moreover, MRS beams widths is likely larger than the beam width used for the beam management. Each MRS transmitted by a TRP is covering the whole (in case of a single MRS) or a part of the TRP coverage area, while beamformed CSI-RS have narrower beamwidth, tailored for a specific UE to fine tune and refine its beams.  In addition, detecting MRS contains a search step (searching in a large set of configured MRSs) and a measurement step (for detected MRSs), while for beam management measurements, there is no detection step, only direct measurements of all configured candidates.  Finally, in contrast to beam management, mobility involves L3 control.
A commonality between mobility and beam management is however that both MRSs and CSI-RS may be beamformed in a set of candidate TRP beams.  Even though each CSI-RS does not contain its own synchronization signal, the beam management should also cover the network implementation where multiple synchronized TRPs transmit CSI-RS  for measurements of candidate beams. However, the UE is unaware of whether one or multiple TRPs are used to transmit the set of CSI-RS the UE is configured to measure. 
[image: ]

Figure 1 The UE measures beamformed CSI-RS from two TRPs and two beam pair links (BPL) can be identified
To structure the discussion, we introduce the notion of a beam pair link (BPL) and the task of the beam management procedure is to discover and maintain beam pair links. It should be noted that beam management becomes less complex the more the receiver can perform digital beamforming. With fully digital beamforming at the receiver, it is sufficient to keep track of the transmitter beam in the beam management.
Please also not that the actual beam used by the UE in the BPL may not need to be known at the TRP. It may need to know though that two different TRP beams cannot be received simultaneously by the UE due to it’s implementation. Hence, BPL’s may be incompatible. 
In the example of Figure 1, two BPLs have been discovered and are being maintained by the network. Note that even in the case of a single TRP, multiple BPLs are still possible, considering reflections etc. A BPL is discovered and monitored by the network using measurements, either uplink measurements using uplink sounding or downlink measurements using the reference signals used for beam management, i.e., CSI-RS. 
We believe that it is useful to monitor multiple BPLs in parallel for a given UE:
· Robustness is achieved since a BPL may suddenly be blocked and control and data transmission can quickly be carried over to the alternative BPL
· Distributed MIMO transmissions can be supported by using SU-MIMO transmissions to the UE from multiple TRPs at the same time
· In LOS conditions, the rank per BPL is limited to two (dual polarizations) while distributed MIMO allows for higher rank transmissions. 
To summarize, we make the following proposal:
[bookmark: _Toc462917440][bookmark: _Toc462982529]In the beam management procedures, one or multiple beam pair links (BPLs) are monitored by the network using uplink measurements by the TRPs and/or downlink measurements from the UE.
Hence, the BPL could be associated with a certain beamformed CSI-RS report obtained from the UE. With this definition at hand, there are some issues to consider further:
· It probably doesn’t make sense if monitored BPLs are very similar, for example corresponding to closely spaced TRP beams unless hybrid analog/digital beamforming is used in which case combining for closely spaced beams is beneficial. Some mechanism to ensure that both “sufficiently different” but also “unrestricted” BLPs are monitored is probably needed to avoid an excessive number of monitored BLPs.
· When analog beamforming is used at the UE, 
· whether there is a need to inform to the UE that an “active BPL” used for e.g. scheduling control messages so that the UE can use the correct receive beam when monitoring the control channel
· More generally, what the network needs to know about UE implementation, such as the number of panels, base band units etc needs to be clarified
Regarding the last bullet, it is preferable if a lot of implementation freedom can be left to the UE. On the other hand, there could be UE implementations where one base band unit does not have omni directional coverage. For instance, at high carrier frequencies, each antenna panel may be connected to one base band unit per polarization. In this case, the UE could support multiple RX/TX beams simultaneously but not from the same antenna panel (except for the two polarization beams). Whether this needs to be taken into account in the standard in some way or can be transparent needs to be further considered.
As discussed above, from the network side, there may be no need to know exactly how the UE received (i.e. the receive combining weights/beam) and measured a certain RS for beam management, it is up to the UE to associate a certain TRP beam with the used receiver conditions (beam etc) used to measure that signal and this may not need to be known at the network side. 

Beam management procedures
Previous meeting, three beam management procedures were categorised:
· P-1: is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s)
· P-2: is used to enable UE measurement on different TRP Tx beams to possibly change inter/intra-TRP Tx beam(s)
· P-3: is used to enable UE measurement on the same TRP Tx beam to change UE Rx beam in the case UE uses beamforming

There were however disclaimers in the agreement that P-2 may be a special case of P-1, P-2 and P-3 can be performed jointly and/or multiple times and P-3 may or may not have physical layer procedure spec. impact.
For the sake of the further discussion, introduce a beam sweep which is a set of beamformed CSI-RS transmissions, each beam containing one or two CSI-RS antenna ports (to be further discussed). The UE is triggered to measure the quality of each beam in a beam sweep having K beams. Hence, the procedure is very like LTE Class B, K>1 type of CSI-RS transmission, with the difference that the UE does not perform any selective reporting (i.e. don’t select one out of K and report), instead the UE reports e.g. CSI-RSRP on multiple or all of the K beams.
As such a beam sweep consumes overhead, it is preferable if such beam sweep is confined within a subframe or a slot. That is, as many beams as possible should be swept within a short time. To support analog beamforming, each OFDM symbol could then transmit a beamformed CSI-RS in the sweep and in total K OFDM symbols are used. For digital beamforming, both time multiplexing and frequency multiplexing of a beam sweep can be used, hence a larger number of beams can be swept per time unit. 
[bookmark: _Toc462917441][bookmark: _Toc462982530]Support a configurable (time multiplexed, frequency multiplexed or both) sweepof CSI-RS in a slot or subframe for beam management measurements
Frequency allocation for the CSI-RS used for beam management measurements can be done in different ways, for example the CSI-RS can be densely located within a sub-band or sparsely distributed over the whole bandwidth. One advantage with distributing the CSI-RS over the whole bandwidth is that the CSI-RS then can be used to quicker attain channel state information when going from beam management to actual data and control signal transmission. 
Another advantage is that the whole bandwidth is represented which will give a more reliable estimate of preferred beam in case the coherence bandwidth is smaller than the full signal bandwidth. One advantage with CSI-RS densely located within a sub-band is that in some cases the UE is scheduled within a certain sub-band and then it will reduce the overhead by only transmitting beam reference signals within this sub-band.  
[bookmark: _Toc462917442][bookmark: _Toc462982531]Study which different types of frequency allocations that should be supported for CSI-RS used for beam management measurements
Moreover, always on reference signals should be avoided. As in the CSI framework in general at least aperiodic and semi-persistently scheduled CSI-RS should be supported and therefore, these triggering mechanisms are also supported for the purpose of beam management measurements

The procedures P-1, P-2 and P-3
In our view, there is not a large difference between P-1,P-2 and P-3, as the CSI-RS and CSI framework is used. In all three cases a repetition of a CSI-RS transmission in different OFDM symbols or in different frequency resources, or both, is used. P-1 has been argued to be useful when there is less information about which beam could be suitable for the UE. From the MRS measurements, or from reciprocity measurements, the network knows roughly the beam direction to the UE but this information needs refinement. Hence, P-1 corresponds to a larger value of K, hence a beam sweep over a larger set of different beam directions. P-2 on the other hand is used for beam refinement, and the value K can be smaller, to save overhead etc. 
[bookmark: _Toc462917436]P-2 is a special case of P-1, differing in the number of sweeping beams
Moreover, as the P-1 procedure scans a larger set of beam directions, it can discover new useful BPLs for the UE but it is costly in overhead. Therefore, it could be useful to trigger P-1 procedure for multiple UEs simultaneously, while P-2 is the beam refinement for a single UE. 
The difference between P-1/P-2 and P-3 is that the UE knows that the network is using the same beam for the K transmissions. Hence, the same procedure can apply with the additional indication to the UE whether it may assume that the same beam is used or not for the K repetitions.
[bookmark: _Toc462917443][bookmark: _Toc462982532]When triggering a sweep of K CSI-RS transmissions (K beams), it is also indicated to the UE whether it may assume that the same beam is used for the K transmissions or not as to distinguish between P-1/P-2 and P-3 procedure.

Conclusions
Based on the discussion in this contribution we propose the following:
[bookmark: _GoBack]Proposal 1	Handle beam management within the CSI framework in NR (i.e. the framework used for link adaptation of data transmission).
Proposal 2	Use CSI-RS for beam management measurements
Proposal 3	In the beam management procedures, one or multiple beam pair links (BPLs) are monitored by the network using uplink measurements by the TRPs and/or downlink measurements from the UE.
Proposal 4	Support a configurable (time multiplexed, frequency multiplexed or both) sweepof CSI-RS in a slot or subframe for beam management measurements
Proposal 5	Study which different types of frequency allocations that should be supported for CSI-RS used for beam management measurements
Proposal 6	When triggering a sweep of K CSI-RS transmissions (K beams), it is also indicated to the UE whether it may assume that the same beam is used for the K transmissions or not as to distinguish between P-1/P-2 and P-3 procedure.
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