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1 Introduction

In RAN1#88bis [1], the following agreements were achieved:

	Configuration for beam management:
· RAN 1 should support common configuration framework for beam management and CSI acquisition

· Aspects specifically related to beam management into the merged framework to be incorporated

· Note: maximum number of simultaneously triggered report settings and the maximum number of links corresponding to those triggered settings can be different for reporting types (e.g. beam reporting, CSI reporting)

Beam measurement RS:
· For UE RRC connected mode, periodic signal is supported at least for P1 procedure (Tx/Rx beam alignment) using following options in addition to UE-specifically configured CSI-RS. Down selection from following options will be conducted in the next meeting.
· Opt. 1: SS blocks
· Opt. 2: Cell-specifically configured CSI-RS
· Configuration of CSI-RS is obtained from the broadcast message (e.g., MIB, SIB)
· Opt. 3: No additional option
Beam reporting:
· For each group l, UE reports at least the following information:

· Information indicating group at least for some cases

· FFS: condition(s) to omit this parameter e.g. when L=1 or Nl=1

· Measurement quantities for Nl beam (s)

· Support L1 RSRP and CSI report (when CSI-RS is for CSI acquisition)

· FFS: the details of RSRP/CSI derivation and content

· FFS: Other reporting contents, e.g., RSRQ  

· FFS: Configurability between L1 RSRP and CSI report

· FFS: whether or not to support differential L1 RSRP feedback

· FFS: How to select Nl beam(s) e.g max Nl beams in terms of received power being above a certain threshold or in terms of correlation less than a certain threshold

· Information indicating Nl DL Tx beam(s) when applicable

· FFS: the details on this information, e.g., CSI-RS resource IDs, antenna port index, a combination of antenna port index and a time index, sequence index, beam selection rules for assisting rank selection for MIMO tx, etc.

· For beam reporting, companies are encouraged to perform detailed analysis w.r.t. comparing Alt 1 and Alt 2, particularly considering the overhead (feedback overhead, signaling overhead, etc.), performance, flexibility in operation, etc.
· Aim to down-select one of the two alternative s with the possibility of merging into a single alternative (if so, the corresponding analysis) at next meeting
· Each company to state the assumed UE implementation in the analysis
· Study whether or not support mechanism for UE to provide L1/L2 reports based on SS-block measurements for beam management

· FFS which channels/signals in SS-block for measurement

· Especially in light of L3-RSRP

· Study further whether or not to have a unified format for L1-RSRP measurement report of SS-block and CSI-RS
Beam indication:
·    Aim for low-overhead indication for spatial QCL assumption to assist UE-side beamforming/receiving

· FFS details (e.g., tag-based where the tag refers to previous CSI-RS resources, BPL-based, referring to previous measurement reports, indication one resource (set) out of multiple resource (set)s configured by RRC, CSI-RS resource/port index based, etc.)

·  For reception of DL data channel, study further at least the following:

· Whether or not have an effective window of spatial QCL assumption

· Interaction between higher layer signaling (if supported) and DCI indication 

·  FFS the signaling details for higher layer and DCI based approaches (e.g., the corresponding information field in DCI, etc.)

· Interaction between beam management and PDSCH transmission

· Whether or not to have a default behavior (e.g., due to DCI miss detection), and if so the default behavior

Beam switching time, DCI decoding time, etc.


In this contribution, we discuss the measurement RS for beam management, beam reporting mechanism, beam indication and overhead reduction for DL beam management, etc.
2 RS configuration

2.1 Measurement RS for beam management
For UE RRC connected mode, UE-specific periodic CSI-RS had been supported at least for P-1 procedure. The initial choice of the multiple beams can be based on periodic CSI-RS in P-1. For P2, further beam refinement is expected to track possible channel fluctuation or UE’s movement. And this beam refinement can be achieved by periodic RS or aperiodic RS.  For periodic RS, e.g. UE-specific periodic CSI-RS, it may not be desirable to track/acquire this abrupt channel variation especially for RS with long periodicity.  For instance, when the periodicity of CSI-RS is relatively long, UE cannot detect and acquire the beam quality information in real time. 
Thereby, more flexible RS type, e.g. aperiodic CSI-RS or DMRS can be considered to finish this dynamic tracking in P2. It is noted that multiple beams transmission for control channel had been agreed to enhance the reliability. It is beneficial to measure multiple DMRS resources associated with different beams by the way. Based on the measurement for these DMRSs, UE can find new potential beams. Since the DMRS resources need to be transmitted along with control channel anyway, this can also reduce additional RS resource overhead compared with aperiodic CSI-RS scheme. 
In another aspect, the swept beams in P2 usually include serving beam. And the measurement based on DMRS of data is beneficial and necessary. For instance, UE can detect the energy of DMRS of its scheduled bandwidth to see if it has been blocked. This can overcome blockage in some extent by introducing the beam failure detection for PDSCH and its associated DMRS. If UE further acquires the channel quality of other potential beams based on DMRS, UE can recommend new potential beam index associated with its ACK/NACK feedback.    

When DMRS is used for beam management, gNB needs to indicate corresponding DMRS port information to UE. For example, additional DMRS ports of control channel are indicated to UE to acquire the channel quality information of new potential beams. This additional DMRS port of control channel can be DMRS of candidate beams for this UE or DMRS of control channel for other UEs. UE can acquire this indication information of ports for other potential beams as long as it obtains its control information.
Based on the above discussions, it can be found that DMRS for beam management as complementary to CSI-RS should be supported in NR.                            
Proposal 1:  In addition to CSI-RS, DMRS also can be used for beam management. 
3 Beam reporting  
3.1 Beam reporting procedure and framework
Common configuration framework for beam management and CSI acquisition had been agreed at last meeting. And for different functionalities, there will be different report settings and measurement links. For example, some specific report parameters for beam management including multiple RSRP(s) etc. are needed for the report settings of BM. When multiple report settings are simultaneously triggered, report rules for different functionalities based on a common framework need to be further studied.           

Based on the framework of reporting setting for beam management, different beam reporting procedure including aperiodic, periodic, semi persistent reporting can be supported. These procedures are usually be triggered/configured by gNB. In high frequency case, the channel will be affected by the blockage, caused by moving or static objects. To overcome this issue, more than one beam/beam pairs can be monitored by UE. With more reported beam number, high reliability can be achieved. While the feedback overhead for corresponding beam state information also increases. 
To improve reliability with reasonable overhead for multi-beam transmission, UE event driven beam reporting mechanism should also be considered in NR.    
For the beam information update, event triggered beam information reporting provides a mechanism to update the beam information to minimize the feedback overhead of multiple beam reporting. 
The driven event for beam reporting can be provided by a threshold (e.g. a channel quality threshold). Alternatively, this threshold can be configured by gNB or predefined by specification.  After UE measures the Xth beam, UE found that the counted beam number that satisfies the condition of the beam quality exceeding the predefined/configured threshold is sufficient, and then UE triggers the reporting in advance to notify the gNB.  . 
In addition, UE can also determine and recommend an actual reported beam number based on the measurement and the corresponding quality threshold For example, when UE cannot find qualified beams as many as that configured by gNB, it can make such recommendations.  And this reporting scheme can significantly reduce the overhead of multiple beam reporting.                 
Proposal 2: UE event driven beam reporting should be supported to reduce the feedback overhead.
3.2 Group based beam reporting mechanism 
There are two alternatives (i.e. Alt.1 and Alt.2) for group based beam reporting.  In Alt.1, following with group based beam reporting, the information of which gNB Tx beams can potentially be received simultaneously at the UE is explicitly provided to gNB.  While for Alt.2, the reported gNB Tx beams contained in one group may not be received simultaneously at the UE. In a typical example, the Rx beams are from the same panel in Alt.1 and they are from different panel in Alt.2.  Based on the reported group information in Alt.2, gNB can also acquire the information of which gNB Tx beams can be received simultaneously at the UE. Therefore, the two alternatives are equivalent in this aspect. Furthermore, we give some analysis for the two alternatives in the other aspects including feedback overhead, flexibility in operation and performance etc.
· Feedback overhead 
Based on the assumption of same reported gNB Tx beams for Alt.1 and Alt.2,the feedback overhead will be mainly determined by accompanied beam group indication. When the number of receiving panel(s) for these reported gNB Tx beams is large, e.g. 4, the feedback overhead in Alt.2 will be increased accordingly.  It is namely that the feedback overhead of Alt.2 linearly increase with the number of receiving panels. For example, UE is equipped with 4 panels and total 8 gNB Tx beams are selected and reported with 4 receiving panels. The relationship between reported gNB Tx beams and UE panels can be found in following. 
  { gNB Tx  Beam 1, gNB Tx  Beam 2}       UE receiving panel#1 
{ gNB Tx  Beam 3, gNB Tx  Beam 4}       UE receiving panel#2
{ gNB Tx  Beam 5, gNB Tx  Beam 6}       UE receiving panel#3
{ gNB Tx  Beam 7, gNB Tx  Beam 8}       UE receiving panel#4
The corresponding group based beam report parameters for Alt.1 and Alt.2 are summarized in Table 1. The gNB Tx beams {1, 3, 5, 7} are grouped with the principle of channel quality larger than 13 dB, and these gNB Tx beams can be simultaneously received by UE. And gNB Tx beams {2, 4, 6, 8} are grouped with principle of channel quality difference between beams no more than 3 dB, and these gNB Tx beams can also be simultaneously received by UE. Of course, there are some other alternatives for grouping principles. The detailed discussion can be found in following proposal 4.  From Table 1, it can be found that there is same CRI feedback overhead for Alt.1 and Alt.2. The only difference between the two alternatives is the overhead for group indicator. Due to larger overhead of group index for each CRI in Alt.2, more feedback bit number is needed.  
Table 1 Group based beam reporting for Alt.1 and Alt.2
	CRI
	RSRP
	Group Indicators for Alt.1
	Group Indicators for Alt.2

	1
	16 dB
	1 (1 bit)
	1(2 bits)

	2
	12 dB
	2 (1 bit)
	1(2 bits)

	3
	15 dB
	1 (1 bit)
	2(2 bits)

	4
	11 dB
	2 (1 bit)
	2(2 bits)

	5
	14 dB
	1 (1 bit)
	3(2 bits)

	6
	10 dB
	2 (1 bit)
	3(2 bits)

	7
	13 dB
	1 (1 bit)
	4(2 bits)

	8
	9 dB
	2 (1 bit)
	4(2 bits)


On the other hand, when the selected gNB Tx beams are from less receiving panels, e.g. a single panel, less bit number are needed for Alt.2.  Another example with one receiving panel and 4 gNB Tx beams can be found in following Table 2. The relationship between reported gNB Tx beams and UE panels can be found as below.   
 { gNB Tx  Beam 1, gNB Tx  Beam 2,  gNB Tx  Beam 3, gNB Tx  Beam 4 }   UE receiving panel#1 
Table 2 Group based beam reporting for Alt.1 and Alt.2
	CRI
	RSRP
	Group Indicators for Alt.1
	Group Indicators for Alt.2

	1
	16 dB
	1 (2 bits)
	1(1 bit)

	2
	12 dB
	2 (2 bits)
	1(1 bit)

	3
	15 dB
	3 (2 bits)
	1(1 bit)

	4
	11 dB
	4 (2 bits)
	1(1 bit)


Therefore, the minimum feedback overhead for group based beam reporting (Alt.1 and Alt.2) is actually determined by the number of reported gNB Tx beams and the number of receiving panel(s) for these reported gNB Tx beams. 
· Flexibility in operation 
As discussed above, same indication for which gNB Tx beams can be received simultaneously at the UE can both be acquired by the two alternatives. While for Alt.2, feedback information including group indicator is mainly determined by UE’s panel structure and this will induce that group based beam report is UE implementation related operation. 
· Performance 
From perspective of performance, it is beneficial to acquire the strongest gNB Tx beams which can be simultaneously received at UE. These beams can be grouped into one Rx beam set or port group to maintain the current link. Generally, when all gNB Tx beams are blocked in a Rx beam set (i.e. simultaneously received multiple gNB Tx beams), the link failure should be declared. For Alt.1, it can be easily finished with less Rx beam set. Based on the above analysis, we have slight prefer to Alt.1 (i.e. Rx beam set) for group based beam reporting. 
To enhance reliability, UE can be configured to report L groups’ beam information. The L beam groups can correspond to L Rx beam sets according to the above discussion. Furthermore, in order to flexibly adapt to different scenarios/cases, beams constituted of a group can be associated with a principle. The associated principles can include benefiting multiple users paring, or anti-blockage especially in high speed scenario. For example, UE can be configured to report two groups’ beam information. The beams in the first beam group are constructed by low spatial correlation with serving beam B2. Thereby the beam reporting information in group one can be used deal with blockage. And the beams in the second group are high correlated with B2. The beam reporting information in beam group 2 can be used to assist multiple user pairing. 
These principles can be represented by some predefined events and each beam group associates an event. According to different requirements, gNB can configure the associated event for each one among L beam groups.                                 
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Figure 1 An illustration of beam grouping 
Based on UE capability of maximum simultaneously received TRP Tx beams for one Rx beam set, different group size can be determined according to associated principle for this group. For example, when the robustness becomes especially urgent, the beam number in group with low spatial correlation should be larger. Obviously, it is beneficial to adapt to various scenario and requirement in NR. 
There are the following two alternatives for the determination of group size: 
· Alt.1:  Network configuration (gNB controlled method)  
· Alt.2:  UE recommendation (UE initiated method)  
For Alt.1, gNB can control the reported beam number in different group according to different requirement.  And for Alt.2, UE can precisely recommend an appropriate beam number for each group based on the measurement of DL reference signal. The two alternatives both should be considered for the determination of group size.      
Proposal 3: A flexible configuration for grouping principle, e.g. high/low spatial correlation with the serving beam, and group size should be supported for group-based beam information reporting with Alt.1.
3.3 Beam quality information 
Basically, the reported beam information includes the information indicating groups, DL Tx beams, and the corresponding L1-RSRP and/or CSI. Information indicating DL Tx beams can be represented by CSI-RS resource indicators (e.g. CRI), antenna port index, etc.  
Based on various scenarios, different beam determination methods can be used in NR. For multiple beam based transmission, when the number of beams is large, multi-stage beam determination method can be performed to speed up beam training. For this method, multiple stage of "class B" eMIMO type, e.g. Class B with K>1 can be regarded as a starting point to determine multiple selected beams in different stage. 
If this determination method is adopted in NR, accordingly, there will be multiple resource indices for different stages. In a single stage method, more than one resource (i.e. multiple resource indices) can also be selected and reported. While for multi-stage determination method, high error diffusion between these resource indices needs to be carefully considered. For example, if an error happens for the channel measurement in the first stage, then the channel measurement in the second stage will also be affected.  This is very different from single stage method. Thereby, the resource index corresponding to the first stage is the most important. The resource index for the second stage and the resource index for the third stage follow with the order. Considering these gradual reliability requirements, layered “CRI” design should be considered in NR. 
In order to guarantee reliability of the reported “CRI” corresponding to the earlier stages and simultaneously maximize efficiency of multi-stage “CRI” (s), a layered design is proposed. For example, layered report method or layered encoding method can be considered. 
Proposal 4: Different reliability requirement of resource indices at different beam determination stages should be considered in NR.
To support fast beam information reporting, the RSRP-like for beam management should be L1 quantity without the L3 filtering. This RSRP with L1 quantity can be defined similar as CSI-RSRP in LTE. The legacy L3 filtered RSRP is reported in the higher layer, but the L1 RSRP should be reported directly on the physical channel, the transmission reliability and the channel capacity for L1 RSRP should be considered. 
Beam management procedures should support continuous refinement and tracking of the acquired beams / beam pairs in order to maintain the channel quality. Several options can be considered for beam report:
· Option 1: A basic beam report can contain information indicating the best beam (N=1) as well as the L1 RSRP associated with the beam. This option is simple and the resulting feedback size is minimal, but the acquired beam / beam pair is vulnerable to blockage of the main path between the pairs, e.g., LOS blockage.
· Option 2: The format of a report can be extended to include N>1 beams separately. This option provides a simple extension to the above format, but suffers from increased feedback size proportionally to the number of beams selected for reporting. The overall resources dedicated to this feedback format can be significant given that a mobile UE may require continuous and frequent beam reporting for the purpose of tracking.
· Option 3: The format of the above multi-beam feedback can be reduced by allowing differential feedback for additional beams, e.g., for N=2. This option provides a better tradeoff between link reliability and the amount of resources dedicated to link maintenance.

Figure 2 shows the advantage of differential beam report in terms of beamforming gain vs. the feedback size. In this figure, a channel with one dominant beam of 30dB SNR and negligible multipath is considered, and the feedback size and the beamforming gain corresponding to each of the above three options are shown. In the simulated examples, a 16-element ULA with a codebook of 32 DFT beams is considered, but the TRP sweeps only every 4th beam to reduce beam training time. Then, based on UE report, best beam out of the full codebook of 32 beams is selected for transmissions.

· Option 1 suggests reporting only information indicating the best beam (N=1), hence requiring only 3 bits. However, this option results in ~3.5dB loss compared to the ideal beam (pointing directly toward the UE).

· Option 2 suggests reporting information of the top N=2 beams together with their respective amplitude/power, hence requiring larger feedback size as a function of the quantization resolution. This option reduces the loss to ~1.5dB in the simulated scenarios, but at the cost of 3x~4x larger feedback size.

· Option 3 suggests reporting information of the best beam, plus 1 bit for reporting whether another beam is considered for differential feedback, i.e., N=2. A differential metric is then quantized and reported. The differential metric used in the simulations follows (P1-P2)/(P1+P2) quantized, where P1 and P2 are the power of the best beam and the other beam, respectively. The simulations show that this option provides higher beamforming gain with smaller feedback size. The only cost of this option compared to Option 2 is a small computation at the UE.
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Figure 2 Reducing feedback size through differential beam report. 

(All beamforming gains are normalized to optimal analog beamforming towards the particular UE)
Proposal 5: Differential multi-beam quality reporting should be supported in NR.
4 Beam indication
With UE-side beamforming, beam indication is needed for helping UEs to select appropriate Tx/Rx beam(s). For DL, beam indication is expected at least for beam management, CSI acquisition, and subsequent transmission of DL control/data channels. 
4.1 Schemes for beam indication in DL
As discussed in previous meeting, beam indication is aimed with a low overhead, and it can be done in the following means:
· Option 1: indicator referring to RS resources / measurement reports
It is agreed that a low-overhead indication can be used to indicate the spatial QCL assumption to assist UE-side Beamforming/receiving [2]. This low-overhead indicator, for example, a BPL index or a tag, can be used to establish logical mapping between beams and signaling and can be used for subsequent beam indication. 

In our view, indicator referring to previous RS resources and indicator referring to previous measurement reports are equivalent, after the communications between gNB and UE established. For instance, if UE Rx information indicating UE Rx beam set is present in beam report, an indicator can refer to a UE Rx beam set. Alternatively, an indicator can refer to one or multiple CSI-RS resources, for which the corresponding CSI-RS are received simultaneously at the reported UE Rx beam set. These two interpretations are equivalent, and it can be left to gNB implementation to choose the exact Tx beam(s) to use. In another example, if UE Rx information indicating UE Rx beam set is absent in beam report, an indicator can refer to reported gNB Tx beams. Alternatively, an indicator can refer to one or multiple CSI-RS resources, for which the corresponding CSI-RS can always be received at UE and it can be left to UE implementation to choose the exact Rx beam(s) to use. Again, these two interpretations are equivalent.

As used in aforementioned examples, CSI-RS resource/measurement reports that the UE has measured and reported previously is a natural choice for the indicator referring to. In particular, the indicator may refer to both most recent CSI report and CSI report before that. One straightforward way is to additionally indicate UE the corresponding CSI-RS reporting setting to let UE know which CSI report is referred to by the indicator. Moreover, to further reduce the indication overhead, gNB can configure a sub-set of previously reported CRIs by high layer signaling. However, the most recently reported CRI may not be included in the sub-set due to high layer signaling based configuration. Therefore, the indicator can refer to both most recent CSI report and/or the configured sub-set of previously reported CRIs, e.g., based on gNB indication or in a predefined way.
In addition, SS block/measurement reports can be another candidate since it provides good coverage thank to the potential SS block sweeping procedure for initial access. Also, multi-level indicator can also be considered to distinguish beams transmitting SS block and beams transmitting CSI-RS (i.e., the 1st bit in indicator in Figure 3 is used to distinguished beam pair links in these two stages). As illustrated in Figure 3, the control channel is transmitted on a beam previously used for SS block transmission.
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Figure 3 Beam indication in different scenarios
An example of the logical and reduced mapping is given in Table 2. During beam management, the table can be updated dynamically. For example, during P2, gNB indicates [100] and it sends multiple CSI-RS and UE could measure and report and then update CRI associated with [100]. Another example, during P3, gNB indicates [100] and UE could sweep its Rx beams and update the Rx beams associated with [100].
 Table 3 Mapping for beam indication
	Information
	Bits for beam indication

	SS block time index or CRI and/or port ID
	[000]

	…
	…

	SS block time index or CRI and/or port ID
	[100]

	…
	…


· Option 2: CSI-RS resource/port index based
Beam(s) can also be indicated by explicitly indicating the spatial QCL assumption between CSI-RS resource/port index and the corresponding DM-RS antenna port(s), taking data channel as an example. 

However, reusing the explicit CRI and/or port ID as beam indication may suffer from large overhead when the number of trained beams becomes much larger than the number of reported beams. One way to deal with this is to establish a logical mapping between reported/used beams and indicators, as described in Option 1. 
Proposal 6: Support the use of logic indicators referring to RS resources, e.g., CSI-RS resources, SS block time indexes, for the purpose of beam indication.

In case of multi-beam transmission, it is up to gNB to select beams and the indication of multiple beams is needed for UE. For example, when UE is configured to receive signals on multiple Rx beam sets, multiple indicators are needed. Another choice is that a bitmap is signaled to UE to indicate which beam(s) out of the total maintained beams is/are used for next transmissions. And another choice is that gNB can configure one indicator related to more than one beam as an ‘indicator of multi-beam’, which does not increase indication overhead. 
Proposal 7: Support the indication of multiple beams for multi-beam transmissions.
4.2 Beam indication for unicast DL data channel
DCI signaling for indicating spatial QCL between DL RS and DM-RS of DL data channel is supported. As briefly mentioned above, to reduce the signaling overhead in DCI, a logical and reduced mapping between the reported UE Rx beam sets or gNB Tx beams and the signaling to be used for beam indication needs to be established and maintained by both gNB and UE. An example of the logical and reduced mapping is given in Table 2. Note that here the bit width for information indicating gNB Tx beams may be far more than 3 bits and such a reduced mapping can help to suppress the signaling overhead in DCI. 
As can be seen in Figure 5, such a mapping can be referred to as spatial QCL and can be also viewed as abstracted beam pair links, as described in Section 4.1. In addition, the mapping table can be predefined, i.e., gNB restricts the content of the reports. UE can also update it after beam refinement/tracking, when explicit indication or confirmation is received from gNB.
Proposal 8: Support predefined/configurable mapping between UE reported information and gNB signalling for beam indication.  
4.3 Beam indication for DL control channel
4.3.1 UE-specific DL control channel
To achieve robust PDCCH transmission, a UE can be configured to monitor [image: image5.png]
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 BPLs simultaneously or on different PDCCH symbols. For this end, The UE can be configured with multiple search spaces, and each search space is associated with a BPL consisting of a gNB Tx beam and/or a UE Rx beam set, i.e., the DMRS port in each search space is spatially QCLed with a CSI-RS port which is transmitted on a BPL. One example is given in Figure 4, where three BPLs (represented by CSI-RS) are configured to have QCL relation with the DMRS ports of three search spaces of UE specific PDCCH. As discussed in the above subsection, the beam indication information for UE specific DL control channel can include an indication of one or more gNB Tx beams. For instance, CSI-RS configuration 1 associated with CRI 1 and CSI-RS configuration 2 associated with CRI 2 can be simultaneously indicated by [100] in Table 3. Such configuration can be done by RRC/MAC-CE signaling. 
The beam indication for PDCCH is expected to be with a longer periodicity as compared with that for PDSCH. For this reason, MAC-CE signaling for beam indication for PDCCH is preferred, for a better balance between latency and overhead. 
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Figure 4 Association of search space and BPLs for multi-beam PDCCH transmission
Proposal 9: Support QCL association between DMRS ports of UE specific search space and CSI-RS configuration, and the configuration of such QCL association by MAC-CE signaling.

4.3.2 Common DL control channel
To fill the gap between initial access and beam management, implicit association between gNB Tx beams for common PDCCH and SS/PBCH beams should be considered. For example, after determining the best SS beam by monitoring multiple SS beams, a UE can transmit RACH preamble which carries some beam identification information of the selected SS beam, e.g., preamble sequence related to the beam. By monitoring RACH, gNB can determine the SS/PBCH Tx beam selected by the UE. gNB can apply this Tx beam to common PDCCH transmission. Based on such implicit association, UE can just continue to monitor common PDCCH on the Rx beam used for SS/PBCH reception. 
Proposal 10: Support implicit association between gNB Tx beams for common PDCCH and SS/PBCH beams.
5 Conclusions
In this contribution, we discuss beam reporting mechanism, including beam reporting quantities, reporting procedure and the relationship for different channels.  Based on the discussions, we have the following proposals:
Proposal 1:  In addition to CSI-RS, DMRS also can be used for beam management. 
Proposal 2: UE event driven beam reporting should be supported to reduce the feedback overhead.

Proposal 3: A flexible configuration for grouping principle, e.g. high/low spatial correlation with the serving beam, and group size should be supported for group-based beam information reporting with Alt.1.
Proposal 4: Different reliability requirement of resource indices at different beam determination stages should be considered in NR.
Proposal 5: Differential multi-beam reports should be supported in NR.
Proposal 6: Support the use of logic indicators referring to RS resources, e.g., CSI-RS resources, SS block time indexes, for the purpose of beam indication.

Proposal 7: Support the indication of multiple beams for multi-beam transmissions.  
Proposal 8: Support predefined/configurable mapping between UE reported information and gNB signalling for beam indication. 
Proposal 9: Support QCL association between DMRS ports of UE specific search space and CSI-RS configuration, and the configuration of such QCL association by MAC-CE signaling.

Proposal 10: Support implicit association between gNB Tx beams for common PDCCH and SS/PBCH beams.
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