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Introduction
In 3GPP RAN1 NR Adhoc meeting, the following agreements on spatial QCL assumption indication for data and control channel were reached [1]:
Agreements:
· For reception of DL control channel, support indication of spatial QCL assumption between an DL RS antenna port(s), and DL RS antenna port(s) for demodulation of DL control channel 
· FFS: signaling method 
· Note: Indication may not be needed for some cases:
· For reception of DL data channel, support indication of spatial QCL assumption between DL RS antenna port(s) and DMRS antenna port(s) of DL data channel 
· FFS: which DL RS(s) to use for this purpose
· Different set of DMRS antenna port(s) for the DL data channel can be indicated as QCL with different set of RS antenna port(s)
· Option 1: Information indicating the RS antenna port(s) is indicated via DCI
· FFS: whether the information indicating the RS antenna port(s) will be assumed only for the scheduled “PDSCH” or until the next indication
· Option 2: Information indicating the RS antenna port(s) is indicated via MAC-CE, and will be assumed until the next indication
· Option 3: Information indicating the RS antenna port(s) is indicated via a combination of MAC CE and DCI
· At least one option is supported
· FFS: whether to support either or both options
· FFS: whether the information indicating the RS antenna port(s) for DMRS ports for DL control channel also applies to DMRS ports for DL data channel
· Note: Indication may not be needed for some cases:
In this contribution, further details of spatial QCL assumption indication for data and control channel will be discussed.	
Indication of spatial QCL assumption
RS for QCL indication
For QCL indication, two types of RS can be considered. The first type is RS for mobility purpose, or mobility RS. The mobility RS could be NR synchronization signal (SS) and/or DMRS for PBCH if DMRS for PBCH is supported, according to agreements made in RAN1 NR Adhoc meeting in Jan. 2017. In multi-beam system, both NR SS and DMRS for PBCH may be transmitted in beam sweeping manner and are always-on signal. It seems ideal for tracking spatial QCL parameters. However, NR SS and DMRS for PBCH may be transmitted with beam wider than data channel to limit the number of SS blocks. As a result, spatial parameter, i.e., Rx beamforming, measured on NR SS may be not suitable for reception of data and control channel.
The second type is CSI-RS for beam management. Three beam management procedures are defined as P-1, P-2 and P-3. P-1 is used to support selection of TRP Tx beams/UE Rx beam(s). P-2 is used to determine TRP Tx beams and can be a special case of P-1. P-3 is used to enable UE Rx beam changing. By procedure P-1, UE needs to determine its own Rx beam in addition to Tx beam of TRP. The CSI-RS for P-1 shall consider UE’s need to test different Rx beams. With analog beamforming at UE side, UE can only test one analog beam at a time. Therefore, the CSI-RS shall meet the requirement of Rx beam determination. A straightforward way of Rx beam determination is to repeat CSI-RS of every Tx beam multiple times so that the UE could test and select proper Rx beams. By receiving these CSI-RS, UE could determine preferred Tx beams and corresponding Rx beam. In this sense, UE is able to estimate the spatial parameter for determining Rx beamforming based on CSI-RS for P-1 procedure. To make it suitable for tracking spatial parameter, the CSI-RS shall be periodically transmitted or at least semi-persistently transmitted. By procedure P-3, UE can determine its Rx beamforming. Therefore, if CSI-RS for P-3 is transmitted periodically or semi-persistently, it can also be used for tracking spatial parameter.
Proposal 1:
· Periodically transmitted CSI-RS is used in the indication of spatial QCL assumption.
Signaling method
Three options of signaling the QCL assumption are listed:
· Option 1: QCL assumption is indicated via DCI
· Option 2: QCL assumption is indicated via MAC CE
· Option 3: QCL assumption is indicated via a combination of MAC CE and DCI
DCI indication has the advantage of smaller latency and hence the QCL assumption can be changed more quickly than using MAC CE indication. MAC CE message is better protected from error than DCI. DCI is also suffered from overhead limitation especially if multiple QCL assumptions are indicated.
Combination of MAC CE and DCI can be explored to limit signaling overhead and reduce latency. The following steps can be considered:
Step1: gNB configures UE N CSI-RS resources via RRC signaling. The CSI-RS resources can contain all CSI-RS resources for beam management procedure, e.g., P-1. UE can measure those CSI-RS resources based on beam management configuration.
Step2: gNB activates K out of N RRC configured CSI-RS resources. The activation uses MAC CE. If a CSI-RS resource is activated, UE begins to track spatial parameter based on the CSI-RS resource. Before activation, UE may or may not track the spatial parameter depending on UE implementation. The activated CSI-RS resources are chose based on UE reporting, e.g., in beam management procedure.
Alternatively, gNB can configure K CSI-RS resources directly in MAC CE without referring to RRC configured CSI-RS resources. In this case, step 1 can be skipped. Before a new configuration is received, UE can track spatial parameter on currently configured K CSI-RS resources. After receiving a new configuration, UE changes to track spatial parameter on the newly configured CSI-RS resources.
Step3: gNB indicate UE L out of K activated CSI-RS resources for UE to derive spatial parameters. The CSI-RS resource is numbered within the activated CSI-RS resources. The signal overhead of DCI depends on the number of activated CSI-RS resources. Assuming that UE has obtained spatial parameters from each of the activated CSI-RS resources, the spatial parameters of the indicated CSI-RS resource(s) can be used for reception of the data channel in following TTIs.
Proposal 2:
· QCL assumptions are indicated via a combination of MAC CE activation (configuration) and DCI indication.
Indication for control channel and data channel
In RAN1#86bis meeting, it was agreed to support using same or different beams on control channel and the corresponding data channel transmissions [2]. How the spatial QCL assumptions are indicated would be affected by whether the same or different TX beams are used on control and data channel. Four alternatives of indicating spatial QCL assumptions for control and data channel can be considered:
Alt-1: QCL assumption of control channel and beam of data channel are indicated independently. 
That is, two independent procedures are employed to realize the indication. TRP determines TX beam for control channel data channel independently. The same indication procedures discussed in section 2 can be used for control channel and data channel.
Alt-2: QCL assumption for data channel is indicated. QCL assumption for control channel is implicitly derived from the assumption for data channel.
Control channel is QCLed with the corresponding data channel with respect to the spatial QCL parameter that is involved in UE-side beamforming/receiving procedures. That is, though different TX beams may be 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 spatial assumption for data channel is indicated, and the procedure discussed in section 2 is used. 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: QCL assumption for control channel is indicated. QCL assumption for data channel is implicitly derived from the assumption for control channel.
This is similar to Alt-2 except that QCL assumption of control channel is indicated instead. No matter the same or different TX beam are used for control channel and its corresponding data channel, UE can use the same RX beam to receive the control and its corresponding data channel. 
As control channel itself is beamformed, it is only possible to indicate the QCL assumption for the next transmission(s). TRP decides the TX beam (and hence the QCL assumption) for transmission of control channel for a certain 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 again. 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 spatial QCL assumption indication is sent (received), both TRP and UE switch TX beam and RX beam synchronously. 


Figure 1: Spatial QCL assumption indication for control channel

Alt-4: QCL assumption for control channel is indicated. QCL assumption for data channel is indicated to UE in DL grant.
The indication of spatial QCL assumption for control channel is similar as that of Alt-1. But the TX beam for data channel is dynamically selected and QCL assumption is indicated to UE in each DL grant. That is, the TX beam for data channel can change on TTI basis. To reduce overhead, a set of candidate TX beams (QCL assumptions) for data channel can be configured to UE via RRC signaling or MAC signaling. For each transmission, TRP indicates UE which QCL assumption in the candidate set is used in DL grant. In each TTI, the UE receives control channel by using the RX beam derived from the QCL assumption indication procedure, and detect the control channel to read the QCL assumption 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 can typically be in the order of tens of micro seconds. This implies that several OFDM symbol following the control channel may not be received correctly. This is illustrated in Figure 2. The control channel decoding latency leads to additional overhead of 2 OFDM symbols. 
Observation 1:
· Indication of spatial QCL assumption for data channel in DL grant may lead to additional overhead due to decoding latency of control channel.
Proposal 3:
· If spatial QCL assumption of data channel is indicated via DCI, it shall be valid until next indication.
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Figure 2: Effect of control channel decoding latency

Conclusions
In this contribution, details of spatial QCL assumption indication for data and control channel are discussed. Based on the discussion, we have the following proposals:
Proposal 1:
· Periodically transmitted CSI-RS is used in the indication of spatial QCL assumption.
Proposal 2:
· QCL assumptions are indicated via a combination of MAC CE activation (configuration) and DCI indication.
Proposal 3:
· If spatial QCL assumption of data channel is indicated via DCI, it shall be valid until next indication.
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