3GPP TSG RAN WG1 NR Ad Hoc Meeting
R1-1700673
Spokane,USA 16-20, January, 2017
Agenda Item:
5.1.2.3.4
Source: 
Sony

Title:
Views on SRS design for NR
Document for:
Discussion
1 Introduction
In RAN1 #86b, RAN1 decided to support SRS for both UL beam management and CSI acquisition [1]. In RAN1 meeting #87, SRS designs for CSI acquisition are intensively discussed and several agreements were reached [2]. We recognize there is no agreement SRS design for the beam management. Therefore, we think that an enhancement for SRS design for beam management is being required.
Agreements: 
· At least the following RSs are supported for NR downlink

· CSI-RS: Reference signal with main functionalities of CSI acquisition, beam management

· FFS: RRM measurement 

· DM-RS: Reference signal with main functionalities of data and control demodulation

· FFS: channel state information estimation and interference estimation
· FFS: beam management
· Reference signal for phase tracking

· FFS: Whether DM-RS extension can be applied or not
· FFS whether new RS or RS for other functionalities can be used

· Reference signal for time/freq. tracking

· FFS whether new RS or RS for other functionalities can be used

· Reference signal for Radio link monitoring
· FFS whether new RS or RS for other functionalities can be used
· RS for RRM measurement
· FFS whether new RS or RS for other functionalities can be used
· At least the following RSs are supported for NR uplink

· SRS: Reference signal with main functionalities of CSI acquisition, beam management

· FFS: RRM measurement

· DM-RS: Reference signal with main functionalities of data and control demodulation

· FFS: beam management
· Reference signal for phase tracking

· FFS: Whether DM-RS extension can be applied or not
· FFS whether new RS or RS for other functionalities can be used
· FFS: Reference signal for RRM measurement
In this contribution, a couple of issues on SRS design for beam management are addressed for the Multi-antenna scheme for NR.
2 Discussion
5G has the target to meet a number of different requirements and frequencies with a single framework. For a MU-MIMO at lower frequency (e.g. <6GHz) with reciprocity based and digital beamforming the same UL SRS can be used for both CSI acquisition and beam management. However, at higher frequencies, FDD or where analogue or hybrid beamforming needs to be assumed.In addition, the requirement of SRS design for the beam management is different from the requirement for CSI acquisition. When considering the design of SRS, the difference should be identified at first. 
As for the frequency bandwidth width, in general, SRS of the CSI acquisition requires relatively wide frequency band resource allocation. If frequency hopping mechanism applied to the narrow frequency band SRS, the area for the frequency hopping would need to cover relatively wide area for a whole/partial operation band of the UE to get a channel state information for the whole/partial operation band. On the other hand, for the beam management procedure, the main objective of the beam management procedure is to obtain suitable beam association between TRP and UE. Therefore, the SRS to cover wide frequency band isn’t necessarily required for the beam management. The beam sweeping procedure of UL beam management requires a lot of UL frequency/time resource which cause reference signal over head issue. To reduce unnecessary UL resources for beam sweeping, narrow band resource allocation for SRS should be considered .
Observation 1: The SRS to cover wide frequency band isn't necessarily required for the beam management.
Observation 2: The SRS resource allocation of the CSI acquisition requires wider frequency bandwidth than the SRS resource of the beam management.
For the URLLC(Ultra-Reliable and Low Latency Communications) use case, to consider both low latency and reliability is needed to be considered for SRS design. To maintain the low latency and the reliability for high mobility, it is important to consider a reliable SRS transmission/reception with the narrow band width constraint for the beam management. Therefore, the above narrow band resource need to be dynamically allocated in better quality narrow band frequency resource in the operating frequency band because failure of the beam refreshment degrades  the reliable communication and low latency communication. 
Observation 3: The SRS resource of the beam management for URLLC use case needs to be allocated on a frequency resource with high SNR within the operating frequency band to keep high reliability.
As for the UL time resource configuration of SRS, the time resource allocation of CSI acquisition depends on scheduling occasion for UL/DL user data. This requirement is basically identical to LTE’s one. Therefore periodic/aperiodic configuration would be enough for the CSI acquisition. 
Proposal 1: The SRS resource of the CSI acquisition should be configured by periodic/aperiodic manner as same as LTE.
The resource allocation for the beam management is quite new aspect. The beam management can be divided into two phase. In the first phase, an identification of rough beam direction may be required. The RS for the rough beam selection require periodic RS resources with relatively long period. In the second phase, the network and the UE need to identify final suitable beam for actual data transmission(accurate beam selection/beam change). Then there may be a use case where frequent beam refreshment for beam tracking is required. For the use case, periodic configuration with relatively short period may be required. In addition, as mentioned above, when considering URLLC use case , the resource for the SRS needs to be allocated on a high frequency resource with high SNR to keep high reliability. To realize periodic resource on frequency resource with high SNR, semi-persistent resource configuration may be beneficial to select better narrow band periodic resource with dynamic manner. Aperiodic configuration for the frequent beam refreshment use case is not suitable because the signaling for SRS request from network side would cause serious signaling overhead issue. For the other use case besides frequent beam refreshment use case, the aperiodic configuration should be useful. In short, periodic/periodic/aperiodic configurations are required for the beam management.
Observation 4:Aperiodic configuration for the frequent beam refreshment use case is not suitable because the signaling for SRS request from network side would cause serious signaling overhead
Proposal 2: The dynamic SRS configuration(e.g. semi-persistent) for the beam management should be supported.
As for SRS resource allocation within a sub frame, it is also needed to consider both beam management and CSI acquisition. In the first phase beam management(rough beam selection), the rough beam sweeping requires many resources to cover arbitrary beam direction . Then the subsequent procedure of the first phase is the second phase beam management(accurate beam selection/beam change). In general, strict channel coherency between the SRS resource for the beam management phase 1 and phase 2 is not required. Therefore, the time resource allocation of the first phase SRS within a sub frame should be widely spread to get many time resource transmission opportunity.
In the second phase beam management(accurate beam selection/beam change) , the subsequent procedure of the second phase beam management is UL/DL CSI acquisition and UL/DL user data transmission. Therefore the location of SRS within a sub frame should take into account coherence time between the second phase beam management SRS and subsequent UL/DL CSI acquisition. When considering to allocate the second phase beam management SRS and subsequent UL/DL CSI acquisition SRS within a sub frame, the second phase beam management SRS should be allocated in the head of a sub frame.
For DL user data transmission, the UL CSI acquisition needs to be followed by DL CSI acquisition because the TRP cannot evaluate DL interference environment from UL CSI acquisition procedure. When considering to allocate the UL CSI acquisition SRS and the subsequent DL CSI acquisition SRS within a sub frame, the second phase beam management SRS should be allocated in the head of a sub frame.
Proposal 3: The resource allocation within a sub frame for SRS should take into account subsequent procedure.
Table 1 Requirement for the SRS
	Requirement for SRS
	CSI acquisition
	Beam management

	Frequency band width
	Relatively wide
	Relatively narrow

	High SNR
	
	Required for the beam refreshment in the URLLC use case 

	Configuration
	Periodic/aperiodic
	Semi-persistent/Periodic/aperiodic

	Time resource allocation within a sub frame
	Taking into account subsequent DL CSI acquisition resources.
	The SRS resource for the first phase beam management should be widely spread within a sub frame.


	
	
	The SRS resource for the second phase beam management needs to take into account subsequent RS position for UL/DL CSI acquisition.


3. 
Conclusions
In this contribution, the following observations and proposals are made:
Observation 1: The SRS to cover wide frequency band isn't necessarily required for the beam management.
Observation 2: The SRS resource allocation of the CSI acquisition requires wider frequency bandwidth than the SRS resource of the beam management.
Observation 3: The SRS resource of the beam management for URLLC use case needs to be allocated on a frequency resource with high SNR within the operating frequency band to keep high reliability.
Observation 4:Aperiodic configuration for the frequent beam refreshment use case is not suitable because the signaling for SRS request from network side would cause serious signaling overhead
Proposal 1: The SRS resource of the CSI acquisition should be configured by periodic/aperiodic manner as same as LTE.
Proposal 2: The dynamic SRS configuration(e.g. semi-persistent) for the beam management should be supported.
Proposal 3: The resource allocation within a sub frame for SRS should take into account subsequent procedure.
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