	
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG RAN WG1 #88	R1-1702941
Athens, Greece, 13th – 17th Feb 2017
[bookmark: Source][bookmark: _GoBack]Agenda item:	8.1.2.2.3
Source: 	Samsung
Title: 	Discussion on beam correspondence
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
During RAN1 #86bis/#87/AH meeting, some agreements related to beam correspondence (BC) was made as shown below [1][2][3]. In this contribution, we discuss further issues with BC validity at TRP and/or UE.
	Working assumption:
· The followings are defined as Tx/Rx beam correspondence at TRP and UE :
· Tx/Rx beam correspondence at TRP holds if at least one of the following is satisfied:
· TRP is able to determine a TRP Rx beam for the uplink reception based on UE’s downlink measurement on TRP’s one or more Tx beams.
· TRP is able to determine a TRP Tx beam for the downlink transmission based on TRP’s uplink measurement on TRP’s one or more Rx beams
· Tx/Rx beam correspondence at UE holds if at least one of the following is satisfied: 
· UE is able to determine a UE Tx beam for the uplink transmission based on UE’s downlink measurement on UE’s one or more Rx beams.
· UE is able to determine a UE Rx beam for the downlink reception based on TRP’s indication based on uplink measurement on UE’s one or more Tx beams.
· More refined definition can still be discussed

Agreements:
· Companies are encouraged to refine the definition of beam correspondence, if necessary 
· Note: whether or not to introduce this definition in NR is a separate topic
· Under the refined definition of beam correspondence (if any), study whether or not mechanism(s) for determining UE’s beam correspondence is needed. 
· the study may consider the following aspects - 
· e.g. metrics to be considered SNR/Power (beam-quality), CSI, and others
· e.g. values of the metrics at which beam correspondence is declared
· e.g., complexity/overhead 
· e.g., possibility of supporting reporting to the gNB about beam correspondence at the UE

Agreements:
· For the definition of beam correspondence:
· Confirm the previous working assumption of the definition
· Note: this definition/terminology is for convenience of discussion
· The detailed performance conditions are up to RAN4

Agreements:
· Support capability indication of UE beam correspondence related information to TRP
· FFS details including capability definition,  case(s) (if any) when the indication is not necessary




Methods for BC validity check
1 
2 
Beamforming techniques are one of the key techniques for NR and acquisition of beam information (e.g., best beam index) is one of the key factors for multi-beam based system. Beam correspondence is said to hold true if TRP and UE can utilize beam selection based on the result of DL beam search for UL transmission and reception. In other words, DL Tx beam(s) and DL Rx beam(s) can be used for UL Rx beam(s) and UL Tx beam(s), respectively. Without beam correspondence, however, UL beam search should be supported to find the best UL Tx and Rx beams. In this section, methods for BC validity check are discussed, which are pre-determination based method and over-the-air (OTA) based method.
1 
2 
Pre-determination based method
For pre-determined BC validity, each node (TRP or UE) pre-determines the BC validity before connection with other nodes. With this method, UE could report its own BC validity to TRP during initial access stage. Then, the TRP could schedule beam management for DL/UL beam acquisition considering BC validities at both TRP and UE. In other words, the UL beams could be selected by utilizing the results of DL beam management or activating UL beam management. The following factors could be considered to pre-determine BC validity at each node.
The NR nodes that operate in higher frequency (> 6GHz) can have various implementations for Tx and Rx antennas. One possible implementation is to separate Tx and Rx antennas, which allows no switching loss. When Tx and Rx do not share physical antenna elements, BC cannot be guaranteed since the angle of arrival and angle of departure could be different. We can consider sharing the same physical antenna elements in order to achieve BC. However, such implementation requires switching loss which increases in proportion to carrier frequency. Another factor which can be considered for pre-determination of BC validity is Tx and Rx beam widths. If Tx and Rx beam have different beam widths at a node, then BC cannot be guaranteed. Some cases could be considered with Tx and Rx beam widths, which are (i) Tx and Rx beam widths are same, (ii) Rx beam width < Tx beam width, (iii) Rx beam width > Tx beam width. Case (i) is the simplest case and it is straightforward that the beam chosen for transmission based on the best reception beam will have the AoD which is same as the AoA of the best reception beam. Case (ii) usually arises for TRP/gNB nodes which use wider Tx beam widths as they have transmission power capability and need more angular coverage. Case (iii), however, is more suitable for UE nodes which have limited transmission power. The UE nodes need high gain beams so that energy can be concentrated in particular directions. In cases (ii) and (iii), the BC does not hold true as the Tx beam cannot be used to find the Rx beam.
Observation 1: BC validity can be pre-determined considering hardware related factors such as Tx/Rx antenna configuration and Tx/Rx beam widths.
Over-the-air (OTA) based method
In the above subsection, only hardware related factors are considered to pre-determine BC validity at each node. However, there could be other factors affecting BC validity. We can consider the case when UL and DL for a UE are from different TRPs. For example, consider TRP1 has more transmit power than TRP2, and a UE is located close to TRP2. Then, for the UE, the best TRP for DL transmission could be TRP1 while the best TRP for UL transmission is TRP2. At UE side, since UE’s Tx beam and Rx beam are linked to different TRPs, BC at the UE does not hold true. Also, interference can affect BC validity at TRP or UE. For example, consider a UE suffering DL specific interference from a neighboring cell, then the interference affects only UE’s Rx beam search. If UE’s Tx beam is based on the result of DL beam search, UE’s Tx beam is also influenced by the interference. Otherwise, if UE’s Tx beam is based on the result of UL beam search, the interference has no effect on the UE’s Tx beam. Therefore, interference effect should be considered for the BC validity. Another factor affecting BC validity is UE aging such as hardware temperature. The change of temperature can affect both channel reciprocity [4], and also it can affect beam correspondence. If UE does not have self-calibration capability, then BC validity of the UE is affected by UE aging. Therefore, additional BC validity check should be required to take into account factors described above. In the following, an OTA based method for the additional BC validity check is proposed.
Step 1: Initial UL beam management
The initial UL beam management is performed via the RACH procedure [5]. In connected mode, SRS may be used for the same purpose [6]. Here, the TRP transmits beam-related indication which contains information of UE Tx beam. We assume that DL beam management is always activated.
Step 2: Decision on the validity of beam correspondence
Based on initial results of DL and UL beam management, each node (TRP or UE) should decide the validity on beam correspondence. Further studies are required on how to decide it from DL and UL beams. One simple example is to compare the best N Tx and Rx beams at the node where the larger N may increase accuracy of the decision.
Step 3: Indication of capability on beam correspondence (UE to TRP)
If beam correspondence holds at both TRP and UE, UL beam management does not need to be triggered since TRP and UE can utilize beam selection based on the result of DL beam management for UL transmission and reception. Otherwise, the UL beam management should be supported for UL beam acquisition. To determine whether UL beam management is required or not, the TRP should consider capabilities on beam correspondence at both TRP and UE. Therefore, UE’s capability on beam correspondence should be indicated to TRP.
Step 4: Determination on UL Tx and Rx beams
Based on the beam correspondence validity at TRP and UE, TRP determines how to acquire UE Tx beam and TRP Rx beam. If both the TRP and the UE satisfy the beam correspondence, then the results of DL beam management will be utilized for the following beam selection/change. Otherwise, UL beam management should be activated for them. Furthermore, it is worthwhile to study when and how often such a procedure is needed for a given node.
The OTA based method can coexist with the pre-determination based method. For example, during initial access, DL and UL beams can be acquired according to the result of the pre-determination based method. During connected mode, the OTA based method can be utilized for additional BC validity check.
Observation 2: UL and DL from different TRPs, interference, and UE aging are also affecting BC validity.
Proposal 1: Capability definition related to BC should consider all aspects affecting BC validity such as hardware, interference, UL and DL from different TRPs, and UE aging.
Proposal 2: OTA based method for additional BC validity check should be supported to take into account factors affecting BC validity.
Observation 3: In OTA based method, each node should decide BC validity based on initial results of DL and UL beam management
Proposal 3: Study when and how to decide BC validity at each node.
UL beam management considering BC validity
3 
BC validity at TRP and/or UE affects UL beam management procedures. If BC is not capable at TRP or UE, then proper UL beam management should be supported. If the BC holds at both TRP and UE, TRP Tx and UE Rx beam information obtained in DL beam management can be utilized for UL transmission and UL beam management can be omitted. While TRP schedules UL beam management considering BC validity at TRP and UE, the BC validity can be inaccurate or changed. For example, consider the case that BC is assumed to hold true but actual BC does not hold true, and UL beams are utilized from DL beam management. Then the UL beams may not suitable for UL transmission. Therefore, when TRP schedules UL beam management, inaccurate BC validity should be considered.
Proposal 4: When TRP schedules UL beam management, inaccurate BC validity should be considered.
Conclusions
This contribution discusses the beam correspondence for NR. The observations are as follows:
Observation 1: BC validity can be pre-determined considering hardware related factors such as Tx/Rx antenna configuration and Tx/Rx beam widths.
Observation 2: UL and DL from different TRPs, interference, and UE aging are also affecting BC validity.
Observation 3: In OTA based method, each node should decide BC validity based on initial results of DL and UL beam management
Based on above observations, we propose the following:
Proposal 1: Capability definition related to BC should consider all aspects affecting BC validity such as hardware, interference, UL and DL from different TRPs, and UE aging.
Proposal 2: OTA based method for additional BC validity check should be supported to take into account factors affecting BC validity.
Proposal 3: Study when and how to decide BC validity at each node.
Proposal 4: When TRP schedules UL beam management, inaccurate BC validity should be considered.
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