[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #88	R1-1701689
Athens, Greece, 13th - 17th February 2017

Agenda Item:	8.1.2.2.1
Source:	Huawei, HiSilicon
Title:	Configuration of CSI-RS for beam management
Document for:	Discussion and decision 

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN1 NR Ad Hoc meeting [1], a CSI framework at least for CSI acquisition was agreed as follows. 
· Terminology clarification 
· A UE can be configured with N≥1 CSI reporting settings, M≥1 Resource settings, and 1 CSI measurement setting, where the CSI measurement setting includes L ≥1 links 
· Each of the L links corresponds to a CSI reporting setting and a Resource setting 
· At least the following configuration parameters are signaled via RRC at least for CSI acquisition: 
· N, M, and L – indicated either implicitly or explicitly 
· In each CSI reporting setting, at least: reported CSI parameter(s), CSI Type (I or II) if reported, codebook configuration including codebook subset restriction, time-domain behavior, frequency granularity for CQI and PMI, measurement restriction configurations 
· In each Resource setting: 
· A configuration of S≥1 CSI-RS resource set(s) 
· Note: each set corresponds to different selections from a “pool” of all configured CSI-RS resources to the UE 
· A configuration of Ks ≥1 CSI-RS resources for each set s, including at least: mapping to REs, the number of ports, time-domain behavior, etc. 
· In each of the L links in CSI measurement setting: CSI reporting setting indication, Resource setting indication, quantity to be measured (either channel or interference) 
· One CSI reporting setting can be linked with one or multiple Resource settings 
· Multiple CSI reporting settings can be linked with the same Resource setting 
· At least following are dynamically selected by L1 or L2 signaling, if applicable 
· One or multiple CSI reporting settings within the CSI measurement setting 
· One or multiple CSI-RS resource sets selected from at least one Resource setting 
· One or multiple CSI-RS resources selected from at least one CSI-RS resource set 
· FFS until the next meeting about details of dynamic triggering 
Following details of beam measurement and reporting were agreed as well in RAN1 NR Ad hoc [1]: 
· UE measurement based on RS for beam management (at least CSI-RS)  composed of K (= total number of configured beams) beams and reporting measurement results of N selected beams:
· N is not necessarily fixed number 
· FFS: whether/how to configure and/or indicate the values of N
· Note: The above procedure based on RS for mobility purpose is not precluded.
· Reporting information at least include
· Measurement quantities for N beam (s) 
· FFS: Detailed reporting contents, e.g., CSI, RSRP or both
· FFS: How to select N beam(s)
· FFS: how to identify the subset
· Information indicating N DL Tx beam(s), if N < K
· 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, etc.
In this contribution, we discuss the functionalities of beam management and the corresponding configuration framework, in terms of CSI-RS resources, beam measurement and reporting. 
Functionalities of Beam Management
In RAN1#86bis [2], CSI-RS has been agreed to support beam management as well as CSI acquisition in NR. Three steps for CSI/RSRP acquisition for hybrid beam-forming have also been agreed, wherein step 1 is essentially a beam management procedure while steps 2 and 3 are related to CSI acquisition. Certain steps may be merged, reordered or repeated. Thus the design of the framework for beam management should consider not only the required CSI-RS configuration and measurement results, but also the functionalities and relationship with CSI acquisition. 
One functionality of beam management is beam based CSI measurement for data transmission. Similar procedure as LTE Rel-13 class B can be considered to measure the preferred beam(s) and the corresponding CSI (e.g. RI/PMI/CQI). In RAN1 Ad Hoc meeting [1], it was agreed to configure via RRC a framework for CSI acquisition, which is composed of N≥1 CSI reporting settings, M≥1 Resource settings, and 1 CSI measurement setting. The CSI measurement setting includes L ≥1 links, where each link associates one CSI reporting setting with one Resource setting, and indicates the quantity to be measured is either channel or interference. When beam management is used for data transmission, the related CSI-RS configuration, measurement and reporting can be included into this CSI framework. 
Another functionality of beam management should be supported in NR is intra-cell beam alignment, for which the preferred index(es) of CSI-RS resource set(s)/resource(s)/port(s), each transmitted with one or more dedicated beams, is reported together with L1-RSRP on the selected beam(s). In this case, beam management can be conducted with separate steps in addition to CSI acquisition, therefore a dedicated framework of beam management can be considered. However, reusing the existing settings agreed for CSI acquisition framework should be considered if possible, in order to reuse CSI-RS dedicated for CSI acquisition and support joint reporting in the first functionality where beam reporting can be considered as a part of CSI acquisition.   
Proposal 1: The high layer configuration of CSI-RS based beam management should consider the functionalities of beam management, e.g. for beam based CSI measurement, and intra-cell beam alignment.
Proposal 2: For beam based CSI measurement, the high layer configuration of CSI-RS based beam management can be included into the agreed CSI framework.
Beam Management for Intra-Cell Beam Alignment
When CSI-RS based beam management is used for intra-cell beam alignment, L1-RSRP is reported together with information indicating the selected Tx beam(s). Conceptually, it can be similar with dynamic determination of a CoMP cooperative set where in LTE it is determined by network implementation and static or semi-static generally. 
For resource-level beam measurement with multiple CSI-RS resources, each resource conveying a specific Tx beam can be configured in one or multiple CSI-RS resource sets within one Resource setting. In addition, if port-level beam measurement is supported in NR, a Tx beam can be allocated to one/a subset of ports in one CSI-RS resource and different subsets correspond to different Tx beams. Therefore, the information indicating the selected Tx beam(s) could be index(es) of CSI-RS resource set(s),  and/or index(es) of CSI-RS resource(s) within a given resource set, and/or the index(es) of ports within a CSI-RS resource.
For this functionality, interference measurement is not needed so that the reporting contents can be simplified compared with those in the CSI framework. A simplified beam management (BM) framework can be considered for intra-cell beam measurement, which includes NBM ≥1 beam reporting settings, MBM ≥1 beam  resource settings, and 1 beam measurement setting. The beam measurement setting includes LBM≥1 beam measurement links, where each link associates one beam reporting setting with one beam resource setting.
Proposal 3: For intra-cell beam alignment, the high layer configuration of CSI-RS based beam management (BM) includes NBM ≥1 beam reporting settings, MBM ≥1 beam resource settings, and 1 beam measurement setting with LBM beam measurement links.
To flexibly support various beam management procedures P1, P2 and P3 (shown in Appendix), a unified configuration on CSI-RS was proposed in [3], mainly including the number of TUs T within one sweeping period, the TU/Sweeping type, and the configuration of CSI-RS resource(s) within one TU. Different procedures can be easily differentiated by configuring different values of T and TU/Sweeping type, as listed in Table 1. How to reflect these configurations in the beam management framework is discussed in following sub-sections.
Table 1. Configuration on CSI-RS for beam management procedures P1/P2/P3	
	Beam management procedure
	Number of TUs (T) in one beam sweeping period
	TU/Sweeping type

	P1: concentrated Tx and Rx beam sweeping, option 1
	T > 1
	Type 1

	P1: concentrated Tx and Rx beam sweeping, option 2
	T > 1
	Type 2

	P2 or
P1: distributed Tx and Rx beam sweeping, option 2
	T = 1
	Type 2

	P3
	T = 1
	Type 1



Beam resource setting
One beam resource setting can correspond to the CSI-RS configuration for one beam management procedure listed in Table 1 and Appendix, in which one or multiple CSI-RS resource sets can be configured, each including one or multiple CSI-RS resources. As illustrated in Figure 1, one CSI-RS resource set can be viewed as one TU, so the number of sets equals to the number of TUs T in one beam sweeping period. The resource(s) in each set can be configured via RRC or dynamically selected by L1/L2 signaling for the transmission of multiple Tx beams in the corresponding TU. All CSI-RS resource sets within the same beam resource setting can be configured with the same values for some parameters, such as port number, time-domain behavior (i.e. periodic, semi-persistent or aperiodic transmission), density and periodicity if necessary.  


Figure 1.  One beam resource setting 
Beam reporting setting
One beam reporting setting includes the BM related reporting parameter, time-domain behavior (i.e. periodic, semi-persistent or aperiodic reporting), and frequency granularity for BM and beam measurement restriction configurations. Multiple CSI-RS resources can be configured for beam management, each resource corresponding to a Tx beam, therefore the BM related reporting parameter could be CSI-RS resource set index(es) and/or CSI-RS resource index(es) and/or L1-RSRP. If port-level beam measurement is supported in NR, the index(es) of ports need also to be included in the BM related reporting parameter. 
Beam measurement setting
The beam measurement setting includes LBM≥1 beam measurement links, where each link associates one beam reporting setting with one beam resource setting. Multiple beam reporting settings can be linked with the same beam resource setting. Taking P2 and P3 for example, as shown in Figure 2, CSI-RS resources for P2 and P3 may be shared within the same beam resource setting, but separate links are required due to potential differences in reported BM parameter, sweeping type and UE measurement assumptions. 


Figure 2.  Multiple beam reporting settings linked with the same beam resource setting

Joint measurement on multiple beam management procedures (e.g. P2+P2, P1+P2) can also be considered for fast beam alignment. For example, in Figure 3, two P2 procedures are combined with a joint measurement and reporting, which can be easily realized by linking two beam resource settings of the two P2 procedures to the same beam reporting setting, as shown in Figure 4.


Figure 3.  Joint measurement on multiple P2 procedures


Figure 4.  Multiple beam resource settings linked with the same beam reporting setting
Proposal 4: For intra-cell beam alignment, the following high layer signalling design of CSI-RS based beam management should be supported:
- One beam resource setting contains at least one or multiple CSI-RS resource sets, in which the number of CSI-RS resource sets equals to the number of TUs within one beam sweeping period.
- One beam reporting setting contains at least the BM related reporting parameter, time-domain behavior, frequency granularity for BM, and beam measurement restriction configurations if any.
- Each beam measurement link indicates at least one beam resource setting, one beam reporting setting and other settings if any. 
- Multiple beam reporting settings can be linked to the same beam resource setting.
- Multiple beam resource settings can be linked to the same beam reporting setting.
Conclusion
In this contribution, we discuss the configuration framework of CSI-RS based beam management, and make following proposals.
Proposal 1: The high layer configuration of CSI-RS based beam management should consider the functionalities of beam management, e.g. for beam based CSI measurement, and intra-cell beam alignment.
Proposal 2: For beam based CSI measurement, the high layer configuration of CSI-RS based beam management can be included into the agreed CSI framework.
Proposal 3: For intra-cell beam alignment, the high layer configuration of CSI-RS based beam management (BM) includes NBM ≥1 beam reporting settings, MBM ≥1 beam resource settings, and 1 beam measurement setting with LBM beam measurement links.
Proposal 4: For intra-cell beam alignment, the following high layer signalling design of CSI-RS based beam management should be supported:
- One beam resource setting contains at least one or multiple CSI-RS resource sets, in which the number of CSI-RS resource sets equals to the number of TUs within one beam sweeping period.
- One beam reporting setting contains at least the BM related reporting parameter, time-domain behavior, frequency granularity for BM, and beam measurement restriction configurations if any.
- Each beam measurement link indicates at least one beam resource setting, one beam reporting setting and other settings if any. 
- Multiple beam reporting settings can be linked to the same beam resource setting.
- Multiple beam resource settings can be linked to the same beam reporting setting.
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Appendix. Beam management procedures P1/P2/P3


(a) P1: concentrated Tx and Rx beam sweeping (option 1)

(b) P1: concentrated Tx and Rx beam sweeping (option 2)


(c) P1: distributed Tx and Rx beam sweeping (option 2)


(d) P2


(e) P3
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