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Introduction
In this contribution, we present our views on the beam management details for DL. In particular, the beam management details for DL UE-common and UE-specific PDCCH and PDSCH are discussed, as well as the beam indication signalling mechanisms.
[bookmark: _GoBack]Details on beam measurement and reporting, and CSI-RS for beam management can be found in our companion contribution [1] and [2], respectively.
Beam management for DL control channel
PDCCH and PDSCH generally have different requirements on their link performances. PDCCH requires high reliability and does not require high data rate. On the other hand, PDSCH can target high data rate and can utilize retransmission mechanism to increase reliability. Thus, configuration of different beams used for PDCCH and PDSCH should be supported (already agreed in RAN1#86bis). For example, the beams used for PDCCH can have wider beam width (compared to that for PDSCH) so that the beams are robust with respect to UE mobility and signal blockage. For PDSCH, narrower beams can be used to deliver high beamforming gain so that higher data rate can be supported. 
Different transmission schemes can also be applied to PDCCH and PDSCH. For example, PDCCH can use a single port or a transmission diversity scheme, whereas PDSCH can use multi-layer MIMO or multi-point transmissions, e.g., non-coherent joint transmission (JT). Different transmission schemes may require different set of TRP Tx beams.
In addition, PDCCH can be further categorized into UE-common (or UE-group common) PDCCH and UE-specific PDCCH. Since UE-common PDCCH targets multiple UEs, while UE-specific PDCCH targets only a single UE, it would be beneficial to employ different beams for UE-common PDCCH and UE-specific PDCCH, implying different beam management procedures for UE-common and UE-specific PDCCHs.     
When considering the beam management procedure for UE-common PDCCH, it should be taken into account that such downlink control channels need to be received by the UE during the initial access procedure, as well as during idle mode. As such, a beam management procedure that does not require active management by the network based on UE feedback is highly desirable. This would also avoid frequent idle-RRC connected state transition just for the purpose of beam management. The network may need to transmit UE-common PDCCHs on all its Tx beams in the same way as NR synchronization signals and NR PBCH. It also follows that the RS used for beam measurement by the UE (to determine the best Rx beam to receive the UE-common PDCCH) should be based on a cell-specific CSI-RS. 
Observation 1: The beam management procedure for UE-common PDCCH should not require active management by the network based on UE feedback. 
Proposal 1: The RS used for beam measurement by the UE for beam management of the UE-common PDCCH (to determine the best Rx beam) is based on a cell-specific CSI-RS.
For the UE-specific PDCCH, it would be beneficial, even necessary, for the UE to indicate to the network the best Tx beam to receive the PDCCH, as such UE feedback would allow the network to provide better link quality for the downlink control channel and also to support MU-MIMO transmissions of UE-specific PDCCHs. Nevertheless, it is worth noting that it should not be precluded to support to transmission of UE-specific PDCCHs on the same beam(s) as those used for UE-common PDCCHs. 
There are two options for the RS to be used for beam measurement and reporting by the UE: cell-specific CSI-RS, or UE-specific CSI-RS. With cell-specific CSI-RS, the network can obtain UE measurement report as soon as in Msg 3 of random access procedure during the initial access procedure and starts transmission of UE-specific downlink control channels on the preferred Tx beam by the UE from Msg 4 onwards. Beam management including beam switching can be subsequently performed based on regular UE measurement reports on a set of cell-specific CSI-RSs. 
On the other hand, beam management of UE-specific PDCCH based on UE-specific CSI-RS can enable more refined beams to be used which can either increase the spectral efficiency or the range of the downlink control channel. However unlike the PDSCH, the PDCCH typically has small payload; therefore the need for fine beams for PDCCH requires further considerations. Managing fine beams generally require fast and frequent application of beam switching procedure. The control signalling to support such beam procedure would need to be transmitted on a relatively more stable or robust beam such as those used for UE-common PDCCH. The additional signalling overhead may offset the benefit of fine beam for PDCCH. There would also be a need to consider the impact of error events such as when the UE miss-detects the beam indication control signalling for the UE-specific PDCCH since there is no UE ACK/NACK feedback to such control signalling. 
Observation 2: The beam management procedure for UE-specific PDCCH requires active management by the network based on UE feedback. 
Observation 3: The control signalling to support such beam procedure would need to be transmitted on a relatively more stable or robust beam.
Proposal 2: The RS used for beam measurement and reporting by the UE for beam management of the UE-specific PDCCH is at least based on a cell-specific CSI-RS. The need to support UE-specific RS is FFS.
In general, there are three options for the control signalling for control beam management, and their pros and cons are summarized below:
	Signalling options
	Pros
	Cons

	RRC signalling
	· More reliable signalling (error probability ~10-6) compared to MAC CE signalling (error probability ~10-3) and DCI signalling (error probability ~10-2). 
· RRC signalling is ACK/NACK-ed by the UE
	· Longer signalling latency (up to 15ms based on LTE, although it can be shorter typically) compared to MAC CE signalling (~6ms based on LTE numerology) and DCI signalling (~a few OFDM symbols). 
· Signalling overhead is larger compared to the DCI signalling approach since PDSCH is needed. PDCCH scheduling the RRC message needs larger size than that for the PDCCH for DCI signalling.

	MAC CE signalling
	· More reliable than DCI signalling. 
· Signalling is ACK/NACK-ed by the UE. 
· Signalling latency is slightly lower compared to RRC signalling. 

	· Signalling latency is larger than DCI signalling
· Signalling overhead is larger compared to the DCI signalling approach since PDSCH is needed. PDCCH scheduling the MAC CE needs larger size than that for the PDCCH for DCI signalling.


	DCI signalling
	· Lower signalling latency compared to RRC and MAC CE signalling. 
· Signalling overhead is smaller since PDSCH is not needed. 
	· Less reliable compared to RRC and MAC CE signalling. 
· Signalling is not ACK/NACK-ed by the UE. 



It should be noted that a PDCCH would be needed for all three options above, i.e. to schedule the RRC signalling, the MAC CE signalling or deliver the DCI directly. The PDCCH can be transmitted on the same beam used for UE-common PDCCH, or the current beam used for UE-specific PDCCH (before switching).
Since the beams used for UE-specific PDCCH should still be relatively more robust and stable than the beams used for PDSCH, any beam management procedure operating on beams used for control channel should also be reliable. MAC CE signalling seems to be provide a good balance between reliability and latency. The MAC CE signalling latency for NR would be shorter considering the larger subcarrier spacing for >6 GHz. However, RAN2 should be consulted before making the final decision.
Observation 4: MAC CE signalling can provide good reliable and reasonable latency.
Proposal 3: MAC CE signalling is supported for beam indication procedure for UE-specific PDCCH (upon RAN2 consultation/confirmation). The support of DCI signalling can be further considered.
Beam management for DL data channel
Downlink data channels can be divided into common PDSCH (for system information broadcast, paging) and unicast PDSCH. Since common PDSCH targets multiple UEs, while unicast PDSCH targets only a single UE, it would be reasonable to employ different beams for common PDSCH and unicast PDSCH, implying different beam management procedure for the two types of PDSCHs.     
Similar to the beam management procedure for UE-common PDCCH, when considering the beam management procedure for common PDSCH, it should be taken into account that such PDSCH need to be received by the UE during the initial access procedure, as well as during idle mode. As such, a beam management procedure that does not require active management by the network based on UE feedback is highly desirable. This would also avoid frequent idle-RRC connected state transition just for the purpose of beam management. It also follows that the RS used for beam measurement by the UE should be based on a cell-specific CSI-RS. 
Observation 5: The beam management procedure for common PDSCH should not require active management by the network based on UE feedback, since common PDSCH needs to be received by UE in idle mode. 
Proposal 4: The RS used for beam measurement by the UE for beam management of common PDSCH (to determine the best Rx beam) is based on a cell-specific CSI-RS.
For the unicast PDSCH which is received by the UE in RRC connected state, it would be necessary for the UE to indicate to the network the best Tx beam to receive the PDSCH, as such UE feedback would allow the network to provide better link quality for the unicast PDSCH and also to support MU-MIMO transmissions of unicast PDSCHs. Beam management of unicast PDSCH based on UE-specific CSI-RS can enable more refined beams to be used which can either increase the spectral efficiency or the range of the unicast PDSCH. Managing fine beams generally requires fast and frequent application of beam switching procedure. 
Observation 6: The beam management procedure for unicast PDSCH requires active management by the network based on UE feedback. 
Proposal 5: The RS used for beam measurement and reporting by the UE for beam management of the UE-specific PDSCH is based on UE-specific CSI-RS.
[image: ]
Figure 1: Beam management for common PDSCH and unicast PDSCH
However, to protect against error events and misalignment of the fine beams, or to deliver unicast messages that requires high reliability (e.g. RRC messages), fall back to more robust beams should be supported for unicast PDSCH. Support for more robust unicast PDSCH is analogous to the PDSCH corresponding to DCI format 1A of LTE. Common beam management procedure for “fall back” unicast PDSCH and UE-specific PDCCH can be applied since both requires robust procedures.
Observation 7: For unicast PDSCH, support for fall back to more robust beams is beneficial. 
Proposal 6: Common beam management procedure is defined for “fall back” unicast PDSCH and UE-specific PDCCH.
Unlike the control beam management, the control signalling for PDSCH beam management needs to be dynamic in order to support transmission schemes, such as the dynamic point selection for CoMP. In fact, it can be viewed that L1 based beam indication for PDSCH is already supported since Rel-11 LTE for CoMP when the PQI is introduced in the DCI formats for DL assignment. It would be reasonable that at least L1 based beam indication is supported for NR. The beam management for the L1 signalling can be based on a more reliable mechanism such as the MAC CE signalling.
For improved reliability and for supporting schemes such as DPS, it is recommended to indicate the beam information in each DL assignment DCI format (if configured). This can also prevent issues with PDCCH misdetection event, and the additional DCI overhead associated with the QCL information is not significant when considering even more severe DCI signalling wastage and service disruption would be incurred when a PDCCH misdetection event occurs.
Proposal 7: Beam indication based on DCI signalling is supported for unicast PDSCH reception. The information indicating the RS antenna port(s) will be assumed only for the scheduled PDSCH.
However, it should be further studied if fall back to more robust beams should be supported for unicast PDSCH. Support for more robust unicast PDSCH is analogous to the PDSCH corresponding to DCI format 1A of LTE. In this case, the supported beam indication mechanism should be further considered, since relatively better reliability would be useful for such a unicast PDSCH.
Proposal 8: MAC CE signalling is used for beam indication procedure for “fall back” unicast PDSCH (jointly performed with that for UE-specific PDCCH). 
When considering the beam management procedure for common PDSCH, it should be taken into account that such PDSCH need to be received by the UE during the initial access procedure, as well as during idle mode. As such, the beam management procedure for common PDSCH should not require active management by the network based on UE feedback. However, when the UE is RRC connected mode or in non-idle mode, the UE can feed back to the network the measurement reports of the beams or the RS corresponding to the beams, or indicate its preferred Tx beams. Certain common PDSCHs can be UE-group common in nature. Examples of such common PDSCHs are Random Access Responses (RAR), Paging, or even certain System Information Blocks (SIBs). It should be further evaluated if beam indication for the UE-group common PDSCH can be beneficial.
Observation 8: The need for beam indication for receiving (UE-group) common PDSCH for RRC connected UE should be further studied. 
Conclusions
In this contribution, we discussed DL beam management details. Our observations and the corresponding proposals are given below.
Observation 1: The beam management procedure for UE-common PDCCH should not require active management by the network based on UE feedback. 
Proposal 1: The RS used for beam measurement by the UE for beam management of the UE-common PDCCH (to determine the best Rx beam) is based on a cell-specific CSI-RS.
Observation 2: The beam management procedure for UE-specific PDCCH requires active management by the network based on UE feedback. 
Observation 3: The control signalling to support such beam procedure would need to be transmitted on a relatively more stable or robust beam.
Proposal 2: The RS used for beam measurement and reporting by the UE for beam management of the UE-specific PDCCH is at least based on a cell-specific CSI-RS. The need to support UE-specific RS is FFS.
Observation 4: MAC CE signalling can provide good reliable and reasonable latency.
Proposal 3: MAC CE signalling is supported for beam indication procedure for UE-specific PDCCH (upon RAN2 consultation/confirmation). The support of DCI signalling can be further considered.
Observation 6: The beam management procedure for unicast PDSCH requires active management by the network based on UE feedback. 
Proposal 5: The RS used for beam measurement and reporting by the UE for beam management of the UE-specific PDSCH is based on UE-specific CSI-RS.
Observation 7: For unicast PDSCH, support for fall back to more robust beams is beneficial. 
Proposal 6: Common beam management procedure is defined for “fall back” unicast PDSCH and UE-specific PDCCH.
Proposal 7: Beam indication based on DCI signalling is supported for unicast PDSCH reception. The information indicating the RS antenna port(s) will be assumed only for the scheduled PDSCH.
Proposal 8: MAC CE signalling is used for beam indication procedure for “fall back” unicast PDSCH (jointly performed with that for UE-specific PDCCH). 
Observation 8: The need for beam indication for receiving (UE-group) common PDSCH for RRC connected UE should be further studied. 
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