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Introduction
Revised from R1-1715696
For NR multi-beam systems, the general framework of beam management have been extensively discussed and many conclusions have been achieved. There are still some remaining issues about the beam indication, UL beam management and so on. Some detailed agreements on beam indication are listed as follows [1-4]:
	Agreement:
· Support configuration of SSB for a UE to measure and report one or more L1-RSRP(s) 
· FFS: whether the set of SSBs is all of the SSB beams or a subset of them
· Alt1: Support configuration of SSB resources within a resource setting for beam management.
· L1-RSRP measurement on these resources is reported
· Alt2: Support configuration of the RS type (e.g. SSB, CSI-RS) in a reporting setting for beam management.
· L1-RSRP measurement on these resources is reported
· Down-select between the two options

Agreements:
· For the purposes of beam indication for at least NR unicast PDSCH, support an N-bit indicator field in DCI which provides a reference to a DL RS which is spatially QCL’d with at least one PDSCH DMRS port group
· An indicator state is associated with at least one index of a DL RS (e.g., CRI, SSB Index) where each index of downlink RS can be associated with a given DL RS type,  e.g., aperiodic CSI-RS, periodic CSI-RS, semi-persistent CSI-RS, or SSB, 
· Note: L1-RSRP reporting on SSB is not yet agreed
· Note: One possibility to determine DL CSI-RS type is through the resource setting ID, other options are not precluded
· The value of N is FFS, but is at most [3] bits
· FFS: The case of more than one DMRS port group
· FFS: Whether or not to indicate more than one beam indicator, NR strive to minimize the indicator overhead 

Agreements:
· Support L1-RSRP reporting of measurements on SS block for beam management procedures
· The following configurations for L1-RSRP reporting for beam management are supported 
· SS block only (with mandatory support by UE)
· CSI-RS only (with mandatory support by UE)
· SS block + CSI-RS independent L1 RSRP reporting
· Joint L1-RSRP using QCL-ed SS-block + CSI-RS is optionally supported by UE (with optionally support by UE)

Agreements:
· Support the following for group based beam reporting, if group based beam reporting is configured:
· In a beam reporting instance, a UE can be configured to report N different Tx beams that can be received simultaneously
· Note: UE may report N or fewer beams in a given reporting instance
· N is configured by the gNB where N<= Nmax
· Nmax depends on UE capability
· FFS:  how to define the UE capability
· N =2 is supported. Further study {4,8}
· Notes: Information indicating group is not required to be reported in Rel-15

Working assumption:
· For beam management CSI-RS, NR supports higher layer configuration of a set of single-symbol CSI-RS resources where
· The set configuration contains an information element (IE) indicating whether repetition is “on/off”
· Note: In this context, repetition “on/off” means:
· “On”: The UE may assume that the gNB maintains a fixed Tx beam
· “Off”: The UE can not assume that the gNB maintains a fixed Tx beam
· Note: This does NOT necessarily mean that the CSI-RS resources in a set occupy adjacent symbols




Based on the above agreements, we will further discuss the design of beam management. 
Discussion
Beam Indication 
Beam Indication for PDCCH
In order to exploit the maximum potential performance, different beams can be used for different UEs and UE-specifically beam indication will be beneficial. To indicate the transmit beam(s), spatial QCL assumption is introduced in NR. It has also been agreed to use RRC and MAC CE signaling to configure the spatial QCL for UE-specific PDCCH. Meanwhile, there is still a remaining issue whether or not NR should support DCI to indicate the transmit beam for a UE-specific PDCCH. 
Compared with PDSCH, PDCCH usually requires better robustness within its coverage. To meet these requirements, the transmit beam used for PDCCH is relatively wider than or at least not narrower than the one used for PDSCH. Thus the best beam(s) used for PDCCH is expected to be relatively stable and not change very quickly.  Moreover, NR supports multi-beam transmission for PDCCH to enhance the robustness of control channel. As a result, we don’t see clear motivation to support the dynamic change of the beams for PDCCH via DCI signaling.

Observation 1: There is no clear motivation to support dynamic beam indication for UE-specific PDCCH.

Robustness is a key metric for PDCCH design. However, the dynamic signaling of beam indication for PDCCH will suffers the problem whether or not gNB and UE share the same understanding of beam(s) used for PDCCH. In order to avoid the mismatch of UE’s and gNB’s understanding, NR should support some HARQ-like mechanism to ensure the dynamic beam indicate will take the same action at UE and NW. As a result, it will lead to significant standardization efforts.

Observation 2: Dynamic beam indication for UE-specific PDCCH will require significant standardization efforts.

Based on the above discussions, we can see that there is no clear benefit to support dynamic beam indication and it will also lead to more cost. If the beam(s) carrying PDCCH is not dynamically switched, the corresponding QCL parameters are not necessary to change dynamically either. Thus we have the proposal

Proposal 1: NR doesn’t support DCI signaling of QCL for UE-specific PDCCH.

Beam indication for PDSCH
Regarding PDSCH, more flexibility is required to improve the performance. It has been agreed that N-bit indicator field in DCI is supported for beam indication of PDSCH. 
One remaining issue is the signaling mechanism for the association of a DL RS index to an indicator state. The explicit signaling mechanism based on RRC is quite straight forward and clean. 
There are some proposals to support the implicit mechanism. One example is that NW assigns a tag associated with the measurement or reporting trigger signaling, and the tag is considered as a new indicator state which is associated with the measured DL RS. One potential problem is that NW may interpret the reporting wrongly if the reporting from UE does not contain CRC. If it happens, the NW and UE will have different understanding on the given indicator state. On the other side, if CRC is attached in the reporting, it will increase the overhead and reduce the reliability of PHY transmission. Thus we need more study on the detailed explicit signaling mechanism.

Proposal 2: NR explicitly configures the association of a DL RS index to an indicator states by RRC signaling and MAC CE (MAC CE is not always used) in Rel-15.
· FFS: implicit signaling mechanism in Rel-16 

Beam Measurement and reporting 
In addition to UE-specific CSI-RS, SS block has been agreed for beam management.  However, two new issues are raised due to the beam management based on both CSI-RS and SS block: 
· Q1: How to select and report the measurement results based on different signals?
· Q2: How to calculate the joint L1-RSRP using QCL-ed SS-block + CSI-RS is optionally supported by UE (with optionally support by UE)

The original design of CSI-RS and SS block are targeted for different purposes and functionalities. As a result, the two types of signals have different characteristics:
· Different densities in frequency domain
· Different periodicities
· Different bandwidths
· Different signal structures
· …
Thus it will be challenging to compare the measurement results based on different signals in a fair way. If we want to specify such mechanism, it will take a long time to discuss the comparing criteria and the tight timeline of Rel-15 will not allow lengthy study on it. One way to address the problem is to avoid such comparison by dealing with CSI-RS and SS block separately.   Thus we have the proposal:

Proposal 3: When a UE is configured to measure both CSI-RS and SS blocks for beam management, NR does not support comparison between CSI-RS-based measurement and SS block-based measurement at UE side for beam reporting.

One example coinciding with the above proposal is as follows. NW configures a UE to:
· Measure M CSI-RS resources and N SS blocks
· Report K1 out of M CSI-RS-based results based on CSI-RS-based measurement
· Report K2 out of N SS block based results based on SS block-based measurement
In this example, UE only needs to compare the measurement results of the same RS type.

In RAN1#90 meeting, it was agreed to support joint L1-RSRP using QCL-ed SS-block + CSI-RS as an optional functionality. If the agreement is not overridden, we need to find a mechanism to combine the measurement result of different RS types. This is a totally new design. In NR, we have not yet specify any direct combination scheme for the measurement results based on different RS types. 
There may be very various ways to define the combination scheme. Assume RSRP1 is based on SS block and RSRP2 is based on CSI-RS. Some examples of such combinations are listed (after adjustments according to different levels of transmit power):
· Max(RSRP1, RSRP2)
· Min(RSRP1, RSRP2)
· Linear combination of RSRP1 and RSRP2 with coefficients
· …
If we want a thorough investigation of different solutions and select the best one, it will need lengthy discussions on the simulation assumption and to carry on lots of simulations. Taking in to account the fact many simulations are still missing for the design of some fundamental features, it is impractical to spend much time for this optional feature. Thus we propose to postpone this optional feature to Phase 2.
Proposal 4: Postpone the support of joint L1-RSRP using QCL-ed SS-block + CSI-RS for beam management to Rel-16. 

In contrast to the CSI-RS which is UE-specifically configured, the SS blocks are known once UE accessed to the NW.  Thus NW does not need to indicate SS block configurations to a RRC connected UE.  When NW configure UE to do beam management based on SS block, a straightforward question is how to choose the following alternatives 
· Alt.1: NW configure UE to measure a subset of SS blocks of a cell
· Alt.2: NW indicate no information about the SS blocks for UE beam management and it is up to UE to decide measure which SS blocks.

Alt.1 requires some configuration in a resource setting to clearly indicate a subset of SS blocks for beam management. One advantage of Alt. 1 is the potential reduction of UE complexity since UE only needs to measure the configured subset rather than try measure all potential good SS blocks. Thus Alt.1 is friendly for power saving and complexity at UE side. 

One argument of Alt.2 is that UE knows the quality of all the SS blocks and can smartly choose a subset for measurement by itself. Compared to NW, UE can see timelier beam state information (L1-RSRP). Thus it is possible that UE can choose a better subset.  However, the multiple-beam system is usually deployed for the low-velocity scenarios. For a low-velocity UE, the relatively good beams are unchanged within a period. In this case NW can also choose the best subset based on UE’s feedback. 

Proposal 5: NR support NW to configure a subset of SS blocks within a resource setting for beam management. 

In RAN1#90 meetings, there is an agreement to discussion the following rang/parameter of corresponding configurations:

· At least for non-grouping based beam reporting, taking the following parameter values for further consideration
· For maximal TX beam numbers for a UE to measure for a given reporting instance: candidate value is, e.g., around K = [64]
· For maximal TX beam numbers reported by a UE per reporting instance are, e.g., N = [1, 2, 4, 8]
· For L1-RSRP levels, candidate value is, e.g., around [100]
· Considering maximal L1-RSRP range, e.g., from X dBm to Y dBm
· Considering step-size of L1-RSRP, e.g., Z dB

For initial access, a UE may be measure up to 64 SS blocks if the NW on high frequency configures 64 SS blocks. During these procedures, UE is almost blind to the state of the NW and should try to measure all possible beams to ensure the robustness. In contrast, UE have been got much information about the quality of different beams after entering RRC connected mode. Therefore, it is not necessary to measure a large set of beams. In this case, UE and network can coordinate to select a small subset of beams for UE’s measurement. If UE will reports X Tx beam in a reporting instance, then 4X is a reasonable value for the maximal Tx beam numbers for a UE to measure for a given reporting instance.

Based on the discussions in the last two meetings, most companies think the maximal Tx beam number reported by a UE per reporting instance is 2 or 4.  Thus 8 or 16 is a good candidate values for the maximal Tx beam numbers for a UE to measure for a given reporting instance.

Proposal 6: In NR, the maximal TX beam numbers for a UE to measure for a given reporting instance is :
· 8 if the maximal TX beam numbers reported by a UE per reporting instance = 2
· 16 if the maximal TX beam numbers reported by a UE per reporting instance >= 4


SRS for UL beam management
In RAN1#89 meeting [4], it has been agreed that a given X-port SRS resource spans N = 1, 2, or 4 adjacent symbols within a slot where all X ports are mapped to each symbol of the resource.
Therefore, in order to support UL Tx/Rx beam sweeping, there may be two possible ways to configure SRS resource(s) for UL beam management:
· Config.1: A SRS resource spanning multiple symbols
· Config.2: Multiple SRS resources
In the framework of UL beam management, U2 and U3 procedures are used for finer receiver and transmit beam adjustment, respectively. The purpose and beam sweeping manners of U2 and U3 procedures are different, thereby leading to different requirements of SRS configurations and transmissions. We will discuss the above two configurations for U2/U3 procedure in the following. 
For U2 procedure, UL Tx beam at UE side will be kept the same and NW chooses the best Rx beam based on the measurement results of sweeping Rx beams.  For this procedure, 
· NW configures a SRS resource spanning multiple symbols and UE will transmit the SRS signals over multiple symbols by the same UL Tx beam. Then NW does the measurements by sweeping Rx beams on a symbol-by-symbol basis and selects a finer Rx beam.  
· NW configures multiple SRS resources and UE transmits multiple SRS signals by the same UL Tx beam. Then NW does the measurements by sweeping Rx beams on a SRS resource basis and selects a finer Rx beam. 
Therefore, these two kinds of configuration are workable for U2 procedures. However, Config.1 may have less signaling overhead since Config.1 only needs to indicate the configuration of One SRS resource. On the other hand, Config.1 has less flexibility as the number of symbols within one SRS resource is limited to a small subset. 

Observation 1: Both configurations (Config.1 and Config.2) can be used for the purpose of U2 procedures, but Config.1 may have less signaling overhead at the cost of less flexibility. 

For U3 procedures, UE sweeps UL Tx beams to transmit SRS signals and NW chooses the best Tx beam based on the measurement results of UL Tx beams.  For this procedure, 
· NW configures a SRS resource spanning multiple symbols and UE will transmit the SRS signals over multiple symbols by different UL Tx beams. Then NW does the measurement for each UL Tx beam and selects the best Tx beam.  If NW wants to indicate UE which UL Tx beam is the best one, it will need some new mechanism to indicate which symbol(s) corresponding to the best Tx beam. 
· NW configures multiple SRS resources each of which spans one or more symbol(s) and UE transmits multiple SRS signals over the SRS resources by different UL Tx beams. Then NW does the measurement for each UL Tx beam and selects a best Tx beam. NW can use SRI (SRS resource indicator) to indicate which beam is the best one.
Based on the above discussions, we can see that Config.2 have been able to support U3 procedures, whereas Config.1 needs the introduction of some new indication scheme to tell UE the best beam.

Observation 2: Config.2 has already supported the purpose of U3 procedures, whereas Config.1 needs some new indication scheme to tell UE the best beam.

For the purposes of U2 and U3 procedures, the beam sweeping manners are different. Thus NW should implicitly or explicitly indicate the UE about the beam sweeping manner in addition to the SRS resource configurations:
· Explicit way: NW configure beam sweeping manner for each SRS resource / resource set. For example, NW indicates UE Config.X and beam sweeping manner Y.
· Implicit way: The beam sweeping manner is associated with the type of SRS resource or type of SRS resource configuration. For example, NW indicates UE Config.1 and UE should use the same Tx beam for the SRS transmissions; NW indicates UE Config.2 for UL beam management and UE should use the different Tx beams for SRS transmissions over different SRS transmission resources. 
The main advantage of implicit way is the reduced signaling overhead. Based on the above discussions and observations, we have the following proposal:
Proposal 7: NR doesn’t support a SRS resource spanning multiple symbols for the purpose of UL Tx beam adjustment. 

Discussion on values of parameters
In the latest two meeting, there are some discussions on the essential timing/parameters. The typical parameters having been identified are listed as below:

· Minimum time between aperiodic CSI-RS for beam management and its DCI shall be at least KB symbols. Symbols measured from last symbol containing the DCI to first symbol of CSI-RS.
· The number of symbols between CSI-RS for beam management and the associated report shall be at least RB.
· Number of slots or symbols between indication of the spatial QCL for PDSCH and application of the PDSCH beam switch shall be at least DB
· Number of slots or symbols between indication of the spatial QCL for PDCCH and application of the PDCCH beam switch shall be at least SB
· Maximum number of Rx beam changes a UE can conduct during a slot shall not exceed BB.
· The number of measurement reports with L1-RSRP only per slot, per TRP, per component carrier shall not exceed C1B
· For beam management and CQI, the number of antenna ports per CSI-RS burst, for which the UE measures the channel, shall not exceed PB
· The max number of CSI resources to measure L1-RSRP within a slot shall not exceed .
· The max number of simultaneously triggered CSI/beam reports is at most TB
· Maximum number of Tx beam changes a UE can conduct during a slot shall not exceed .
· Minimum time between aperiodic SRS for beam management and its DCI shall be at least  symbols. Symbols measured from last symbol containing the DCI to first symbol of SRS.
· Maximum index of SRI for beam indication is 

The values or ranges of the above-mentioned parameters/timing depend on two different parts of processing time at baseband and hardware, respectively:
· Processing time due to baseband: The first part consists of the processing time at baseband, scheduling restriction and so on. RAN1 can have a clear discussion on this part.
· Processing time due to hardware: Typical sources of the second part of processing are analog transmit beam switching, analog receive beam switching and so on. This part of processing time is conventionally in the scope of RAN4.

Without the input of RAN4 on the second part of processing time, RAN1 cannot complete the values/ranges of the above parameters.  Thus parallel processes should be carried out in RAN1 and RAN4 respectively:
· RAN1: Focus on the first part, and determine the values/ranges of these parameters.  Double check whether the values/ranges should be adjusted based on the input of RAN4
· RAN4: Focus on the second part, and provide input for RAN1 further consideration

Proposal 8: Send LS to ask RAN4 about the typical values/ranges of the latency of analog transmit/receive beam switching. 


Conclusions
In this contribution, we discuss the beam indication for PDCCH and PDSCH. Based on the above discussions, we have the following proposals:
Proposal 1: NR doesn’t support DCI signaling of QCL for UE-specific PDCCH.
Proposal 2: NR explicitly configures the association of a DL RS index to an indicator states by RRC signaling and MAC CE (MAC CE is not always used).
· FFS: implicit signaling mechanism in Phase 2 
Proposal 3: When a UE is configured to measure both CSI-RS and SS block for beam management, NR does not support comparison between CSI-RS-based measurement and SS block-based measurement at UE side for beam reporting.
Proposal 4: Postpone the support of joint L1-RSRP using QCL-ed SS-block + CSI-RS for beam management to Rel-16. 
Proposal 5: NR support NW to configure a subset of SS blocks within a resource setting for beam management. 
Proposal 6: In NR, the maximal TX beam numbers for a UE to measure for a given reporting instance is :
· 8 if the maximal TX beam numbers reported by a UE per reporting instance = 2
· 16 if the maximal TX beam numbers reported by a UE per reporting instance >= 4
Proposal 7: NR doesn’t support a SRS resource spanning multiple symbols for the purpose of UL Tx beam adjustment. 
Proposal 8: Send LS to ask RAN4 about the typical values/ranges of the latency of analog transmit/receive beam switching. 
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