[bookmark: OLE_LINK3][bookmark: OLE_LINK2][bookmark: OLE_LINK1]3GPP TSG RAN WG1 Meeting #86b                           R1-1609691
Lisbon, Portugal, 10th - 14th October 2016

[bookmark: Source]Agenda item:		8.1.4.1
Source: 			Xinwei
Title:             Beam Management Views and Designs
Document for:		Discussion
1. Introduction
In RAN1 #86 meeting, the following beam management related agreements are achieved.
Agreements:
The following DL L1/L2 beam management procedures are supported within one or multiple TRPs:
· P-1: is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s)
· For beamforming at TRP, it typically includes a intra/inter-TRP Tx beam sweep from a set of different beams
· For beamforming at UE, it typically includes a UE Rx beam sweep from a set of different beams
· FFS: TRP Tx beam and UE Rx beam can be determined jointly or sequentially
· P-2: is used to enable UE measurement on different TRP Tx beams to possibly change inter/intra-TRP Tx beam(s)
· From  a possibly smaller set of beams for beam refinement than in P-1
· Note: P-2 can be a special case of P-1
· P-3: is used to enable UE measurement on the same TRP Tx beam to change UE Rx beam in the case UE uses beamforming
· Strive for the same procedure design for Intra-TRP and inter-TRP beam management
· Note: UE may not know whether it is intra-TRP or inter TRP beam 
· Note: Procedures P-2&P-3 can be performed jointly and/or multiple times to achieve e.g. TRP Tx/UE Rx beam change simultaneously
· Note: Procedures P-3 may or may not have physical layer procedure spec. impact
· Support managing multiple Tx/Rx beam pairs for a UE
· Note: Assistance information from another carrier can be studied in beam management procedures
· Note that above procedure can be applied to any frequency band
· Note that above procedure can be used in single/multiple beam(s) per TRP 
· Note: multi/single beam based initial access and mobility treated within a separate RAN1 agenda item
  Agreements:
· Consider different channel reciprocity assumptions in beam management procedures 
· At a TRP or UE, with TX and RX channel reciprocity (full or partial) (e.g., beam reciprocity), TX beam (or RX beam) can be obtained from RX beam (or TX beam) to reduce overhead and latency
· Without TX and RX channel reciprocity, beam management procedure may require TX and RX beam sweeping in both DL and UL links
· RAN1 study different methods of determining Tx and Rx beam(s) for communication on one link direction (uplink or downlink), e.g.,
· Joint determination: Tx beam and Rx beam are determined jointly
· Separate determination: Tx beam or Rx beam are determined sequentially. 
· Multi-stage determination: for instance, coarse Tx-Rx beam determination followed by fine Tx-Rx beam determination
· Study beam management procedure with and without explicit signaling of beam(s) or beam group(s) used for transmission
In this contribution, we have some further discussion on beam management. 
2. Procedures
In our companion contribution[1], we discuss the framework of NR MIMO and beam management. The framework should be divided into two phases, the first phase without a priori information and the second phase with a priori information. The information of spatial configuration and characteristics gained in the first phase could be leveraged in the second phase to facilitate data transmission. RS transmission, CSI measurement and CSI report for  beam management and other MIMO related procedures should be fit in one common framework.  
Beam management exists in both the first phase and the second phase. The main target for beam management in the first phase is for beam acquisition, while for the second phase, beam management is mainly targeting beam refinement. 
In accordance with the terminology from above RAN1 #86 agreement, DL beam management for the first phase should use the component sub-procedure P-1. In the P-1 sub-procedure for the first phase, UE determines the coarse beam for eNB Tx and UE Rx. Then for the following random access procedure, UE makes use of information from the P-1 sub-procedure and starts transmitting random access signals. For the first phase, at least partial spatial(beam) reciprocity should be assumed for broadcast signals and random access signals. Scheme design should facilitate the usage of such reciprocity information. 
Proposal 1: Initial access should be designed to facilitate usage of (full or partial) beam reciprocity for DL and UL.   
Proposal 2: DL beam management for the first phase (initial access) use the component sub-procedure P-1. UL beam management for the first phase (initial access) use the information gained from P-1. 
For the second phase, DL beam management should use the component procedure P-2 and P-3. P-2 is similar with P-1 in the sense that the procedure enables UE measurement on different beams. It is possible that candidate beams for P-1 and P-2 are from the same or  different sets. For the case with same candidate beam set, P-2 set might just consist of fewer beams than P-1 set for refinement. For the case with different candidate beam set, P-2 set might consist of completely different set of beams: the beam for the first phase provide geometrical information for the second phase. The second phase uses the information to construct beams with narrower beamwidth.      
UL beam management should make use of the information from DL measurement if possible. Beam reciprocity at this stage could not be guaranteed due to finer beams. But transmission like beam cycling and beam diversity may still make use of the information from DL measurement. UL sounding reference signal should also be used for the eNB to gain spatial information. What beam to be sounded and to be used by data transmission should be controlled by eNB.    
Proposal 3: DL beam management for the second phase (after initial access) use the component sub-procedure P-2 and P-3. UL beam management for the second phase relies on sounding reference signal measurement and eNB control. 
3. Components of Beam Management
Beam management mainly consists of beam RS transmission, beam RS measurement and beam CSI report. In our companion contribution[1], we have the proposal that RS transmission, measurement and report for beam management and other MIMO transmission procedure should be fitted in the same common framework. 
As discussed above, beam management may refer to initial access coarse beam or data transmission finer beam. The beam may be constructed by beams from multiple TxRUs, multiple panels or even multiple TRPs. The common framework should be as transparent as possible to how the beam is constructed, but this should not be done sacrificing gains from further information about beam construction.      
Proposal 4: The main components of beam management consists of beam RS transmission, beam RS measurement and CSI report consisting of beam index. 
4. Beam Management for Initial Access (First Phase as in [1])
For initial access, UE needs to find out the best beam for broadcast signal and random access procedure. This information could later be used for beam management in the second phase. 
The reason that initial access should be combined with beam management is that in some deployment scenarios, especially those in high frequency band, beams are needed for coverage. But there is possibility that for different scenarios, the need of beamforming at initial access are completely different. It is also possible that at frequency under 6GHz, there is no beamforming for broadcast signal and random access. 
There is a tradeoff between beamwidth and overhead consumption. The EIRP of each beam is higher with narrower beamdith, but the system performance might be degraded due to more overhead consumption with more beams to cover the whole area. Furthermore, narrower beamwidth might lead to poorer link performance due to spatial filtering of multipath, which could increase diversity and signal power. The above tradeoff is dependent on the specific deployment, thus it is better left for implementation to decide how many beams are going to be constructed for broadcast signal coverage.
From above ananlysis, beam construction should be transparent to UE at the initial access procedure. Beam management at this stage should work without any a priori information. 
Proposal 5: DL Tx beam construction at initial access should be transparent to UE. DL Rx beam should also be implementation specific, with predefined performance requirement;
For UL part in initial access, UE would transmit random access signals for the eNB to receive. There is agreement that RACH resource is obtained through detected DL broadcast channels. Thus it is believed for UL/DL beam reciprocity is assumed. UL Tx/Rx beam should make use of the information from DL Tx/Rx. Due to the fact that eNB has no knowledge which UE is trying to access at this stage, UL Rx would use the same beam as the DL Tx beam. 
There are several choices for UL Tx beam. It is possible that schemes like beam cycling might be used for the UE to transmit uplink signal on the beam that is different from the DL Rx beam. Signal design for this scheme would require eNB to detect random access signal multiple times. The detailed designs could be categorized as the following alternatives:
· Alt 1: eNB only detects once per resource with predefined/associated beam 
· Alt 1-1: UE transmits once for each random access trial on the Tx beam that is the same as the DL Rx beam and on the resources associated with the detected DL beam;
· Alt 1-2: UE transmits multiple times for each random access trial, but there is only one transmission on the resources associated with one DL Tx beam. UL Tx beam might be different or the same for different resources.     
· Alt 2: eNB detects multiple times per resource with predefined/associated beam
· Alt 2-1: UE transmits multiple times on each resource. UL Tx beam would typically be different across the bundled multiple transmission. UL Rx beam is the same as the DL Tx beam associated with the resource.      
Each of the above categories has its own advantages and disadvantages. Alt 1-1 is the simplest conceptually and requires the lowest standardization effort. But it requires accurate UE beam selection and proper UE beam design to ensure beam reciprocity. Alt 1-2 offers more opportunities for the UE to access, but consumes more resources and it is possible even with multiple trials UE may still not be able to use the best beam pair. Alt 2-1 also requires more resources and eNB has to detect multiple times for each beam. All the possible alternatives should be studied and a combination of the above three alternatives might have advantages and disadvantages of all the three alternatives.   
Proposal 6: UL random access Rx beam is the same as the DL broadcast Tx beam; All the three possible UL random access Tx beam selection alternatives should be studied, including a combination of them.
Beam signal strength should be measured for initial access and other mobility procedures. When the broadcast block is transmitted in a multi-beam based approach, random access and mobility control should be on the same beam level. 
In idle mode, UE should measure RS in different broadcast blocks, track their status and select the best beam to reside on. UE behavior that may influence beam selection includes movement, blockage and rotation, which may induce quick beam change at UE side. It may help to design the above mentioned broadcast block in such a way that multiple UE Rx beams may be tried within in one block. But this influences the unified framework since in many cases it is not necessary to try multiple Rx beams or only one beam exist. In practice, the UE Rx beamwidth at the initial access would be large enough for robustness. The main scenario for UE to change beam is the case that two panels are facing opposite directions and signal strength in the two directions has large gap in between. But for current practice each panel is normally connected to at least one TxRU. Beam measurement on different UE Rx beam of different panels could be conducted at the same time. Thus signal design like repetition of synchronization signal and beam RS should not be emphasized to facilitate such special use case.     
Proposal 7: Multiple trials of UE Rx beam within one broadcast block should be conducted more in an implementation specific manner, rather than through repetition of synchronization signal and beam RS within one broadcast block;   
Through detection of broadcast block, UE gain information about DL Tx and DL Rx. As what we proposed, in the following random access signal transmission and reception, UE transmits with the same beam as DL Rx (as one possible scheme) on the random access resources associated with the DL Tx beam and eNB receive the signal with the beam same as DL Tx beam. 
This beam level mobility control not only influence the initial access part, but also data transmission after RRC connection. After RRC connection establishment, as what we proposed in our companion contribution [1], configurability with a robust control channel is the major component of the dynamic framework. Thus a robust control channel should be established after initial access. The effectiveness of such control channel is important in the sense that all the following connection maintainance is based on this channel. This robust control channel includes DL part and UL part. Through detection of broadcast block, UE gained information about DL Tx beam and DL Rx beam. Random access is also based on this beam information. DL control channel could also be on the same DL Tx beam and DL Rx beam. But it is also beneficial for the UE to combine signals from multiple panels, thus DL control Rx beams selection should be implementation specific. For UL control channel, it is highly preferred that beam reciprocity is leveraged to use DL broadcast Rx as UL Tx beam and DL Tx as UL Rx beam. UL control channel may not always be needed. DL control would indicate whether there is UL control in the slot. Thus eNB and UE both know the exact Tx and Rx beam information.
It is possible that for some special cases, DL may be beamformed with some other choices. When eNB believe there is robust connection on beams different from broadcast block, eNB could switch to another beam. But for DL Rx, if UE uses another different beam with narrower beamwidth than the broadcast block, then signal structure like RS repetition may be needed for the UE to switch beam within the resource block. Another possible solution to ensure beam alignment between UE and eNB is to design a multi-stage DL control channel. The first stage is always using the same beam as DL broadcast block and indicates which beam is going to be used. The second stage could use the information to decode control signaling. The above two solution could be combined to fit in all the possible signal structures under the same framework.   
Proposal 8: DL control channel Tx could use the same beam as the DL broadcast block; DL control channel Rx beam selection or combination may be implementation specific; UL control channel transmission is controlled by DL and could use the DL control Rx as its Tx beam and DL Tx beam as its Rx beam. Other beam could also be used.
Proposal 9: Multi-stage control channel should be designed to facilitate DL control Tx and Rx beam switch, with the first stage using the same beam as DL broadcast block Tx and the second stage using beams with narrower beamwidth.
Report of signal strength is necessary for beam maintainance. UE in connected mode should report beam signal strength periodically according to specific configuration. eNB may configure UE to measure signals on any specific broadcast block. Measurements may only be in RSRP form. SNR is not be necessary since it is not a stable metric and varies a lot in the scale of mobility control report. 
Another issue related to the report is that in our above proposal, beam ID is not explicitly indicated but implied through relative position of broadcast block. Explicit ID may be needed for eNB to configure measurement or for the UE to report events like which beam is the strongest.
Proposal 10: For beam measurement in the first phase, RSRP measurement of any specific or all possible beams is configured UE specifically when the UE is in connected mode. Corresponding report is also configured UE specifically. 
Proposal 11: Although beam ID is not explicitly detected, it still needs explicit identification of beams related to each broadcast block.
5. Beam Management for Data Transmission (Second Phase as in [1])
There are several different kinds of beam construction methods in massive MIMO with respect to TxRU to antenna elements mapping. TxRU virtualization mainly consists of the following kinds:
Agreement
· Consider the following TXRU to antenna elements mapping as examples
· At 4GHz: the same as TR36.897
· At 30GHz and 70GHz: 
· Option 1: a single TXRU is mapped per panel per polarization.
· Option 2: a single TXRU is mapped per panel per subarray per polarization, 
· E.g., where a subarray consists of consecutive M/2 vertical antennas and N/2 horizontal antennas with the same polarization.
· Other subarray configurations are not precluded. 
· Option 3: Fully connected TXRU mapping within a panel per polarization.
· Other Fully connected TXRU mapping is not precluded.  

The possible beam construction includes:
· Alt 1: Pure analog beam: beams are only constructed with analog domain weight; option 1 and option 3 mainly use this kind of beam; 
· Alt 2: Hybrid beam: beams are constructed with analog and digital beamforming weights;
· Alt 2-1: Hybrid within a panel, antenna elements within a panel but belonging to different subarray are used to form the beam; Option 2 could be used to construct this kind of beam;  
· Alt 2-2: Hybrid across panels, antenna elements across the panels are used to form the beam; Option 1, 2 and 3 could all be used to construct this kind of beam.   
Beam management should cover all the possible kinds of beams. Although it seems that beam construction should be as transparent to UE as possible, study may still be needed to see whether there are gains if UE is aware of beam construction details.
Proposal 12: The benefit of UE awareness of how beam is constructed (e.g. beamforming vector ) should be studied.
In our companion contribution[2], it is shown that with knowledge of beamforming vector the overhead of beam training could largely be reduced. 
As discussed in the previous sections, in the second phase UE have gained some initial information about system antenna configuration and the appropriate beam to be used for Tx and Rx; eNB also has some knowledge about UE capability and the relative geometrical direction of UE. With these information, a robust multi-stage control channel could be built. We propose to build a dynamically configurable framework to satisfy different needs and always changing wireless environment.
We also propose that RS transmission, CSI measurement and CSI report should be structured in the same framework for beam management and other MIMO related procedures. Thus the design here should consider all possible cases of MIMO transmission.
Gained information in the first phase would typically provide some coarse information about UE direction. Beam for data transmission could be refined with higher SNR. 
LTE R13 FD-MIMO already provides a framework with three levels of beam:
· Level 1: Without beam (Sector beam), Class A 16 port (expanded to 32 ports in R14) is typically assumed to broadcast in the whole cell/sector, probably with port virtualization from multiple antenna elements; 
· Level 2: Cell specific beam, Class B K>1 beams are simultaneously broadcast in the whole cell for UE to measure. UE could find out the best beam (CRI) and report its CSI (PMI, RI and CQI).     
· Level 3: UE specific beam, Class B K=1 with multiple ports corresponding to a much finer beam each. UE report with PMI the selected beam. 
Generally, we propose to use the above framework for NR beam management at the second phase. But there are still some points to refine:
· RS Overhead reduction: analog beam would largely increase overhead, techniques for overhead reduction should be studied; 
· Beam combination codebook design: novel codebook should be defined to effectively combine multiple analog beams; 
· CoMP enhancement: novel report of whether two TRPs should be combined to transmit; novel calculation under the new report; 
· Streamlining: transmission modes and report classes should be further streamlined;
Proposal 13: Refine LTE FD-MIMO framework in the following aspects for NR DL beam management for the second phase: RS overhead reduction, beam combination codebook design, CoMP enhancement, streamlining of transmission modes and CSI report classes.
For the case of TDD system, due to the existence of analog beam, it may not fully utilize channel reciprocity. Thus even for TDD, reference signal for beam training is still needed. 
Proposal 14: It is necessary for NR TDD to support downlink beam training reference signal for Tx beam and Rx beam selection.  
UL beam management could leverage beam reciprocity between DL and UL. UE would maintain the best Rx beam for each received Tx beam. When the UE is indicated to transmit UL SRS signal, UE could select a beam range around the DL Rx beam to transmit. eNB would use the beam (which is indicated to UE in UL SRS triggering) or a beam range around the beam to receive the UL SRS. Due to large amount of analog beams, a similar hierarchical SRS structure should also be supported for UL beam training and channel state measurement. Macro level could be used mainly for beam training with very sparse reference signal in frequency domain while micro level mainly used for channel state measurement.
Note that SRS samples may not be evenly spread in frequency domain. If similar ZC sequences in LTE are used in NR, evenly spread SRS in frequency domain with very low density may reduce its multiplexing ability with other cyclic shifted SRS sequence. UL SRS for beam training may just be bandwidth limited.   
Proposal 15: Hierarchical UL SRS structure is supported, with macro level targeting beam training and micro level targeting channel state measurement.
Proposal 16: Macro SRS could reduce its frequency domain samples for overhead reduction. Techniques like compressive sensing could also be used in UL beam training.   

6.    Conclusion
In this contribution we discuss NR beam management and have the following proposals.
Proposal 1: Initial access should be designed to facilitate usage of (full or partial) beam reciprocity for DL and UL.   
Proposal 2: DL beam management for the first phase (initial access) use the component sub-procedure P-1. UL beam management for the first phase (initial access) use the information gained from P-1. 
Proposal 3: DL beam management for the second phase (after initial access) use the component sub-procedure P-2 and P-3. UL beam management for the second phase relies on sounding reference signal measurement and eNB control. 
Proposal 4: The main components of beam management consists of beam RS transmission, beam RS measurement and CSI report consisting of beam index. 
Proposal 5: DL Tx beam construction at initial access should be transparent to UE. DL Rx beam should also be implementation specific, with predefined performance requirement;
Proposal 6: UL random access Rx beam is the same as the DL broadcast Tx beam; All the three possible UL random access Tx beam selection alternatives should be studied, including a combination of them.
Proposal 7: Multiple trials of UE Rx beam within one broadcast block should be conducted more in an implementation specific manner, rather than through repetition of synchronization signal and beam RS within one broadcast block;   
Proposal 8: DL control channel Tx could use the same beam as the DL broadcast block; DL control channel Rx beam selection or combination may be implementation specific; UL control channel transmission is controlled by DL and could use the DL control Rx as its Tx beam and DL Tx beam as its Rx beam. Other beam could also be used.
Proposal 9: Multi-stage control channel should be designed to facilitate DL control Tx and Rx beam switch, with the first stage using the same beam as DL broadcast block Tx and the second stage using beams with narrower beamwidth.
Proposal 10: For beam measurement in the first phase, RSRP measurement of any specific or all possible beams is configured UE specifically when the UE is in connected mode. Corresponding report is also configured UE specifically. 
Proposal 11: Although beam ID is not explicitly detected, it still needs explicit identification of beams related to each broadcast block.
Proposal 12: The benefit of UE awareness of how beam is constructed (e.g. beamforming vector ) should be studied.
Proposal 13: Refine LTE FD-MIMO framework in the following aspects for NR DL beam management for the second phase: RS overhead reduction, beam combination codebook design, CoMP enhancement, streamlining of transmission modes and CSI report classes.
Proposal 14: It is necessary for NR TDD to support downlink beam training reference signal for Tx beam and Rx beam selection.  
Proposal 15: Hierarchical UL SRS structure is supported, with macro level targeting beam training and micro level targeting channel state measurement.
Proposal 16: Macro SRS could reduce its frequency domain samples for overhead reduction. Techniques like compressive sensing could also be used in UL beam training.   
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