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Beamforming and related beam management are one of the most important features of 5G NR. In RAN1#86 meeting, the following framework of DL beam management procedure including both the TX beam and the RX beam was agreed. 

Agreements:
· 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 RAN1#87 meeting, the following agreements regarding CSI-RS used for DL beam sweeping were reached: 

Agreements:
· CSI-RS supports the DL Tx beam sweeping and UE Rx beam sweeping
· NOTE: CSI-RS can be used in P1, P2, P3
· NR CSI-RS supports the following mapping structure
· NP CSI-RS port(s) can be mapped per (sub)time unit
· Across (sub)time units, same CSI-RS antenna ports can be mapped
· Values of NP is FFS
· Here, “time unit” refers to n>=1 OFDM symbols in a configured/reference numerology,  where the value of n is FFS
· FFS whether OFDM symbols comprising a time unit is consecutive or not
· FFS Port multiplexing method, e.g., FDM, TDM, CDM, any combinations 
· Each time unit can be partitioned into sub-time units
· FFS Partitioning method, e.g., TDM, IFDMA, OFDM symbol-level partition with same/shorter OFDM symbol length(i.e. larger subcarrier spacing)  as/than the reference OFDM symbol length (subcarrier spacing), and other methods are not precluded
· This mapping structure can be used for supporting multiple panels/Tx chains
· Options to map CSI-RS for Tx and Rx beam sweeping for further study
· Option 1: 
· Tx beam(s) are same across sub-time units within each time unit
· Tx beam(s) are different across time units
· Option 2:
· Tx beam(s) are different across sub-time units within each time unit
· Tx beam(s) are same across time units
· Option 3: combination of Alt1 and Alt2:
· Within one time unit, Tx beam(s) are same across sub-time units.
· Within another time unit, Tx beam(s) are different across sub-time units.
· FFS combination of the different time units in terms of e.g., number and periodicity
· Note that only Tx sweeping or Rx sweeping is also a possibility
· Other options are not precluded.
· FFS: how to capture “same beam” and “different beam” in spec
· FFS: Whether the above mapping structure is configured with one or multiple CSI-RS resource configurations

In this contribution, we discuss some details on CSI-RS design for beam management purposes. 

Discussion

DL beam management procedure relies on CSI-RS measurement and feedback for the TRP to determine the suitable TX beam, and to select the suitable RX beam when RX beamforming is used by the UE. For the first step (P1), since no priori knowledge between the TRP and the UE can be assumed, the related CSI-RS signal should be common to all UE (not UE-specific). As UE selects the DL TX beam and its own RX beam based on P1 CSI-RS and sends the feedback to TRP, more refinement can be made based on the feedback. Therefore the CSI-RS for P2/P3 can be tuned based on the UE feedback and should be UE-specific. 

As CSI-RS can be UE-specific or non-UE-specific depending on the usage, they may be configured differently. For non-UE-specific CSI-RS (or RS for mobility purposes) for the P1 purpose, they can be either by SIB message to all UEs, or can be configured by RRC message to specific UE if necessary. UE-specific CSI-RS for P2/3 purpose should be configured by RRC message. Therefore we make the following proposal:

Proposal 1: CSI-RS (or RS for mobility) for the P1 purpose are non-UE specific and can be configured by either SIB message or RRC message. CSI-RS for the P2/P3 purpose are UE specific and is configured by RRC message.

TRP transmits P1 CSI-RS with sweeping TX beams. Considering analog and hybrid beamforming where analog beams can only be generated by phase shifters one at a time, different TX beams should be TDM-ed. The situation at the receiver side depends on the type of RX beamforming scheme at the UE. When full digital RX beamforming is used, the UE can determine the best RX beam (or digital receiver weight) from one set of measurement, minimally in one symbol. When analog or hybrid RX beamforming is used at the UE, the UE can measure using one analog beam at a time. For hybrid RX beaming, this may be a limited set of RX beams all based on a same analog beam. Because the P1 CSI-RS is not UE-specific, it is agnostic to the UE type and should accommodate UEs of different types and different capabilities. It needs to work for the UE with the most limited capability, such as a UE can only measure with one RX beam at a time.  Suppose the TRP transmits M TX beams for P1 purpose, and a UE receives with up to N RX beams. Considering the worst case where only the best (TX, RX) beam pair meets the RSRP threshold, this requires M*N measurements. Because the CSI-RS transmission overhead can be extensive, it is preferred that a CSI-RS is transmitted in 1 OFDM symbol. The related CSI-RS can be arranged in the following alternative ways:

Alternative 1: Each TX beam is transmitted in N consecutive symbols;
Alternative 2: Each TX beam is transmitted in K<N consecutive symbols;
Alternative 3: M TX beams are transmitted in M consecutive symbols;

These three alternative CSI-RS patterns are illustrated in Figure 1. In alternative 1, the same TX beam is repeated N times, allowing the UE to test its N RX beams. The high CSI-RS overhead (N times that of Alternative 1) is the disadvantage. It can be also wasteful, because not all UEs have N RX beams. Alternative 2 is a compromise of Alternative 1. For a UE with K or less than K RX beams, it can complete the search for the best RX beam with respect to the same TX beam in one batch. If a UE has more than K RX beams, it can wait for additional cycles to complete testing its N RX beams. So Alternative 2 offers the tradeoff between RS overhead and beam measurement delay. In Alternative 3, different TX beams are used in consecutive symbols, allowing a UE to test different TX beams with the same RX beam. When a UE uses the same RX beam to receive repeated CSI-RS transmission with the same TX beam, it can also measure the phase noise. This puts Alternative 1 and 2 to the advantage over Alternative 3. To summarize, Alternative 2 outperform Alternative 1 and 3 and should be supported. For Alternative 2, K=2 provides the optimal tradeoff between RS overhead, support of UEs with different number of distinct RX beams, and phase noise measurement. Therefore we propose the CSI-RS for P1 purpose to be transmitted with the same TX beam in 2 consecutive symbols. The CSI-RS in the two symbols can be the same or different. 

Proposal 2:  CSI-RS for P1 purpose shall be transmitted with the same TX beam in 2 consecutive symbols. 

After cycling through the M*N TX beam/RX beam combinations in P1, the UE finds the best TX/RX beam combination and feeds back the associated RSRP to the TRP. Based on the P1 feedback, TRP can further transmits refined UE-specific P2 CSI-RS to fine tune the TX beam. Ideally P2 and P3 can share the same set of CSI-RS and perform TX and RX beam refinement jointly in order to reduce the RS overhead. Both explicit feedback and implicit feedback can be considered for P2 and P3. 

Proposal 3: Same CSI-RS shall be considered for P2 and P3 jointly. Both explicit and implicit feedback shall be considered for P2/3. 
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Conclusions
In this contribution, we discussed detailed CSI-RS patterns for beam management procedures P1 and P2/3. We make the following proposals regarding CSI-RS for P1 and P2/3 purposes:

Proposal 1: CSI-RS (or RS for mobility) for the P1 purpose are non-UE specific and can be configured by either SIB message or RRC message. CSI-RS for the P2/P3 purpose are UE specific and is configured by RRC message.


Proposal 2:  CSI-RS for P1 purpose shall be transmitted with the same TX beam in 2 consecutive symbols. 

Proposal 3: Same CSI-RS shall be considered for P2 and P3 jointly. Both explicit and implicit feedback shall be considered for P2/3. 
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