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Introduction
In 3GPP RAN1#86bis meeting, beamforming for data and control channel was discussed and following agreements were made [1]: 
Agreements:
· Support using same or different beams on control channel and the corresponding data channel transmissions
· FFS the antenna ports for control channel and the corresponding data channel (e.g., sharing some ports or not)
· Study detailed aspects related to beams/beam pairs indication/reporting involving usage of control and data channels and involving one or more TRPs
In this contribution, further details regarding the beams/beam pairs indication for data and control channel are discussed.
Discussion
For DL transmission, the TX beam used for transmission could be acquired from UE reporting, e.g., UE reports a set of candidate TX beams for transmission, and TRP selects one or more TX beams from those candidates. Signal transmitted on a TX beam propagates through a specific path, and the receiver has to use a corresponding RX beam to receive signal from the path. A change in TX beam may lead to change of optimal RX beam. Therefore, UE may need to be aware of the TX beam used by TRP for transmission in order to set RX beam appropriately. 
TX beam used by TRP could be explicitly indicated to UE by beam-related indication as agreed in RAN1#86bis meeting. UE can set RX beam corresponding to the indicated TX beam for signal reception. Alternatively, UE chooses RX beam by measuring RS sent by TRP. The RS is transmitted with the TX beam that would be used for following transmission. UE tests candidate RX beams by receiving the RS, and selects a proper RX beam. In this case, no explicit beam-related indication is needed, and the TX beam is implicitly indicated to UE by sending RS with the TX beam. 
In RAN1#86bis meeting, it was agreed to support using same or different beams on control channel and the corresponding data channel transmissions. How the TX beams are indicated would be affected by whether the same or different TX beams are used on control and data channel.
Same TX beam for control and data
If the same TX beam is used for control channel and its corresponding data channel, UE can use the same RX beam to receive the control and data channel. Therefore, it is sufficient to explicitly or implicitly indicate UE the TX beam used on control channel (or data channel). 
For explicit indication, the signaling could be L1/L2 signaling. As control channel itself is beamformed, it is only possible to indicate the TX beam for the following transmissions. TRP decides the TX beam for transmission of control channel in certain following time interval, and indicates it to UE. In the following transmission, TRP uses the TX beam to transmit control channel until the TX beam needs to be changed. Upon reception of the indication, UE sets the corresponding RX beam to receive the control and data channel until a new indication is received. The procedure is depicted in Figure 1. After TX beam change indication is sent (received), both TRP and UE switch TX beam and RX beam synchronously. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][image: ]
Figure 1: Explicit TX beam indication for control (or data) channel
For implicit indication, the RS could be sent whenever the TRP decides that new TX beam should be used. The RS are transmitted by using the new TX beam and are repeated to enable UE testing candidate RX beams. UE receives the RS can test candidate RX beams to find optimal RX beam. If a new RX beam is necessary, UE then switches to the new RX beam for the following reception. The exemplary procedure is shown in Figure 2. From UE perspective, before receiving the RS, UE uses the previous RX beam and after receiving the RS UE may use a new RX beam.

Figure 2: Implicit TX beam indication for control (or data) channel
Implicit indication and explicit indication could be combined. For example, between two explicit TX beam indications, TRP could send RS for UE to search a better RX beam to track UE movement, rotation etc.
Moreover, if data channel and control channel use the same TX beam, they can be transmitted on the same antenna ports and even they can share the same DMRS design. This is beneficial in reducing decoding latency of data channel as channel estimation for control channel could be utilized in decoding of data channel.
Observation 1:
· If same TX beam is used for control and data channel, one common beam indication procedure can be applied to both control and data channel.
Different TX beams for control and data
If different TX beams are used, beam indications would be more complicated. Three options of indicating TX beams for control and data channel can be considered:
Alt-1: Beams of control channel and beams of data channel are indicated independently. 
That is, two independent procedures are employed to realize beam indication. TRP maintains a TX beam for control channel and a TX beam for data channel for a UE. When there is control channel (or data channel) for the UE the respective TX beam is used. The indication procedures of control channel and data channel are similar to the procedure discussed in previous subsection. Different type of indication can be used for control and data channel. For example, TX beam of control channel is explicitly indicated to UE, and TX beam of data channel is implicitly indicated to UE.
Alt-2: Only TX beam for data channel is indicated. TX beam for control channel is derived from TX beam for data channel.
Control channel is QCLed with the corresponding data channel with respect to the newly defined QCL parameter that is involved with UE-side beamforming/receiving procedures. That is, though different TX beams are used for control channel and data channel, the same RX beam can be applied at UE to receive the control and data channel. In this case, only TX beams for data channel are indicated, and the procedure is similar as that of Alt-1. The TRP can choose TX beam for control channel different from the TX beam for data channel, but it should satisfy the constraint that the UE could use the same RX beam to receive the control channel. 
Alt-3: TX beam for control channel are indicated. The TX beam for data channel is indicated to UE in DL grant.
In this option, the indication of TX beam for control channel can reuse the same procedure as that of Alt-1. The TX beam for data channel are flexibly selected and indicated to UE in DL grant. That is, the TX beam for data channel can change on TTI basis. To reduce overhead, a set of candidate TX beams for data channel can be configured to UE. During each transmission, TRP indicates UE which beam in the candidate TX beam set is used in DL grant. In each TTI, the UE receives control channel by using the RX beam derived from the beam indication procedure, and detect the control channel to read the TX beam information for data channel. 
Before the control channel is successfully decoded, the UE cannot adjust its RX beam to receive the corresponding data channel. The decoding latency is typically in the order of tens of micro seconds. This implies that at least one OFDM symbol following the control channel may not be received correctly. This is illustrated in Figure 3. The control channel decoding latency leads to additional overhead of 2 OFDM symbols. 
Observation 2:
· Indication of TX beam for data channel in DL grant may lead to additional overhead due to decoding latency of control channel.

Figure 3: Effect of control channel decoding latency
Proposal 1: 
· RAN1 study following alternatives of supporting beam indication of control and data channel:
· Alt-1: Beams of control channel and beams of data channel are indicated independently. 
· Alt-2: Only TX beam for data channel is indicated. TX beam for control channel is derived from TX beam for data channel.
· Alt-3: TX beam for control channel are indicated. The TX beam for data channel is indicated to UE in DL grant.
Control channel switching across TRPs
In densely deployed scenario, it is desirable to support dynamic switching of serving TRP that is transmitting data to UE, analogous to LTE CoMP scheme DPS. If only data channel is allowed to switch between TRPs, the switching can be incorporated into the beam indication procedure for data channel. TX beams belong to the same TRP or different TRPs are indicated to UE. 
If both data and control channel are allowed to switch, UE may have difficulty in deciding the proper RX beam to receive the control channel. As the control channel can be transmitted from any of the candidate TRPs, different RX beams shall be applied to receive them correctly. But the UE may not know where the control channel would be from before decoding the control channel. 
Multiple resource sets for control channel can be configured to solve the problem. A UE can be configured with multiple resource sets for control channel. Each resource set consists of resource element carrying control channel. Control channel for the UE can be transmitted within any one of the resource set. It is also possible that multiple copies of the control channel are transmitted simultaneously in multiple resource sets. UE monitors each of the resource set for control channel intended to the UE. TX beam for each resource set is indicated to UE so that UE could set proper RX beam to monitor respective resource set. An example is given in Figure 4. Two resource sets are configured and they are TDM multiplexed. Control channel transmitted from any of the resource set could be received properly. If TX beam1 and TX beam 2 belong to different TRPs, the control channel can then be dynamically switched between TRPs.
Proposal 2:
· NR supports configuration of multiple resource sets for control channel. TX beam of each resource set is indicated to UE individually.

Figure 4: Multiple resource sets design for control channel
Conclusions
In this contribution, beam/beam pair indication for control and data channel are discussed, and the following observations and proposal are given:
Observation 1:
· If same TX beam is used for control and data channel, one common beam indication procedure can be applied to both control and data channel.
Observation 2:
· Indication of TX beam for data channel in DL grant may lead to additional overhead due to decoding latency of control channel.
Proposal 1: 
· RAN1 study following alternatives of supporting beam indication of control and data channel:
· Alt-1: Beams of control channel and beams of data channel are indicated independently. 
· Alt-2: Only TX beam for data channel is indicated. TX beam for control channel is derived from TX beam for data channel.
· Alt-3: TX beam for control channel are indicated. The TX beam for data channel is indicated to UE in DL grant.
Proposal 2:
· NR supports configuration of multiple resource sets for control channel. TX beam of each resource set is indicated to UE individually.
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