3GPP TSG RAN WG1 Meeting #90                                            
                 R1-1713851
Prague, P.R. Czechia 21th – 25th August 2017
Source:
CMCC

Title:
Discussion on UE-to-UE cross-link interference management
Agenda Item:
6.1.5.1
Document for:
Discussion and Decision
1. Introduction

In 3GPP RAN1_NR AH2, the following conclusions were made on the cross-link interference (CLI) management with flexible duplex [1]:
Agreements:

· For CLI management, support UE-to-UE interference measurement and reporting without the introduction of new RS(s)
Agreements:

· For UE-to-UE interference, support CLI measurement metrics which include at least one of

· RSRP for the purpose of CLI

· FFS the definition (e.g., based on SRS, DM-RS, etc.) and the corresponding reporting

· RSSI for the purpose of CLI

· FFS the definition (e.g., resources for the measurement) and the corresponding reporting

· For UE-to-UE interference, FFS additionally support CQI/CSI as the CLI measurement metrics and if so, its definition/reporting

In this contribution, we mainly discuss some open issues of UE-to-UE cross-link interference management. Specially, we present some overviews on measurement configurability, measurement periodicity, measurement reference signal (RS) configuration, etc. 
2. Key Issues
2.1 Measurement Configurability
Both long term CLI measurement and short term CLI measurement are considered in NR. However, as the short term interference measurement greatly depends on channel condition and CLI characteristic may change rapidly, we propose that the long term measurement should be developed first for coordination schemes. In addition, it is expected that not all UEs in a cell need to measure the CLI for the consideration of complexity. Specifically, CLI measurement makes no help when UE experiences little CL interference (e.g., UE locates at cell center, or the active number of neighboring UEs is very small), or channel condition change rapidly when UE is moving. Hence, in order to reduce the measurement RS and CLI report overhead, according to the situation, TRP is able to configure a UE to turn on/off the CLI measurement semi-statically. Note that for the periodic CLI measurement, the UE could also be configured not to perform UE-to-UE CLI measurement process in some cases, e.g., the CLI measurement RS and other RSs have a conflict of same time-frequency resource allocation. 
Proposal 1: TRP is able to configure a UE to turn on/off  the CLI measurement semi-statically.
2.2 Measurement Periodicity 
For the long term CLI measurement, if a cell wants to measure the CLI from another cell, it should have the information of when to measure the RS and the timing relationship of the CLI measurement RS from different TRPs. An efficient way is that the TRP can configure a period of RS transmission and a period of RS measurement. The exact value of periods and time offset for these two types of operations should be specified. The timing information can be exchanged for multiple cell coordinates. Periodic CLI measurement can reduce the information exchange among TRPs and make it easy to implement the CLI measurement. Considering that the UE would not move fast in the indoor scenario, thus the periodicity of the CLI measurement RS can be tens of ms or longer to reduce the signal overhead. 
Proposal 2: At least periodic UE-to-UE CLI measurement is supported.
2.3 Measurement RS
To reduce the complexity of standardization, existing RSs have been agreed to be reused for CLI measurement. UL RSs in NR include UL DMRS and sounding RS (SRS). Reusing DMRS would cause additional system design complexity as DMRS is transmitted along with UL data. Then, it is natural that at least SRS can be reused to be the UE-to-UE CLI measurement RS. In 3GPP standardization discussion progress, the NR SRS has been agreed to be used for CSI acquisition and UL beam management.  In order to minimize specification impact, the agreements of the NR SRS should be reused for SRS-based UE-to-UE CLI measurement as much as possible. Progress of NR SRS until now and some requirements of CLI measurement RS of our perspective are summarized in Table1, including periodic, transmission period, bandwidth, frequency hopping,  time/frequency resource configuration, sequence, port,  numerologies, etc. Appropriate NR SRS configurations for UE-to-UE CLI measurement should be FFS.
Table 1 Summary on NR  SRS progress and  UE-to-UE CLI measurement RS
	Item
	NR SRS
	CLI measurement RS

	Periodic
	NR supports periodic, aperiodic and semi-persistent NR-SRS transmission.
	At least periodic CLI RS transmission is supported in NR; the motivation and use case of aperiodic and semi-persistent CLI RS transmission should be FFS. The measurement periodicity and/or RS transmission periodicity of different UEs can be the same, but the timing offsets can be different.

	Transmission period TSRS
	No specific value has been given in NR SRS. In LTE this value can be taken as {2,5,10,20,40,80,160,320}ms.
	Subset of {20,40,80,160}ms or longer period could be considered.

	Bandwidth
	Configurable SRS bandwidth: full band, partial-band and subband.
	At least subband or a smallest size of RBs is supported. 

	Frequency hopping
	NR supports frequency hopping within a partial-band for a UE, FFS SRS hopping among partial-bands. 
Symbol-wise hopping pattern: X SRS ports in each OFDM symbol in different locations of the band in different OFDM symbols in the slot in a freq hopping manner [a larger part of or the full UE bandwidth using narrower band SRS transmission]
	Note that generally multiple users in one cell may share the same time-frequency resource block. Thus, FFS whether the current frequency hopping pattern could be applied directly for this case. 

	Frequency density
	Configurable, comb levels: 2 or 4. 
	Configurable, comb levels: 2 or 4.
FFS:  whether comb level is 2 could satisfy all the cases.

	Time density
	Configurable, X-port SRS resource spanning N adjacent OFDM symbols within the same slot: N = 1, 2, 4 at least.
FFS: N adjacent sub-time-units or non-adjacent symbols/sub-time-units.
	At least 1 or 2 symbols are supported for  periodic CLI measurement. 
FFS: the use case for 4 symbols.

	Sequence
	NR use Zadoff-Chu (ZC) based sequences and a UE-specifically configured SRS sequence ID to generate SRS sequence.
	Multiple interfering UEs can share the same root sequence like LTE. FFS if the sequence is  a function of PRB position.

	Port
	Number of SRS ports are 1, 2, 4, FFS 3, 8 (possibly other values), all ports are sounded in each OFDM symbol; Dynamic port selection by gNB and UE.
	FFS.

	Precoding
	NR support SRS with no precoding, the same or different precoding as UL data channel; Beamformer determination:  g-NB transparent or based on SRI.
	FFS along with port configuration.

	Numerologies
	NR supports SRS transmission where the numerology(ies) can be configurable for a UE.
	Consider the complexity, CLI measurement RS may not need to support multiple numerologies for SRS transmission from one UE.

	Power control (PC)
	The power is controlled by the UL PC algorithm.
	Power can be semi-static configured.


Furthermore, to aid the interfered UE making the UE-to-UE CLI measurement, the interfering cell should informed of the CLI measurement RS configurations to interfered cell  which is exchanged between the gNBs over the backhaul signaling. Thus UE-to-UE CLI measurement requires support of Xn procedures for exchanging of RS configuration information, including the periodic, transmission period, bandwidth, etc. 
As discussed above, we have the following proposal:
Proposal 3: Reuse NR SRS as the measurement RS for UE-to-UE CLI measurement. FFS details of NR SRS configurations for CLI measurement.
Proposal 4: NR should supports the following information exchanged among gNBs via backhaul signaling for the purpose of UE-to-UE CLI measurement:
· Configurations of RS for UE-to-UE CLI measurement.
3. Conclusion
In this contribution, we have presented some discussions on UE-to-UE cross-link interference management in NR. The following proposals are given:
Proposal 1: TRP is able to configure a UE to turn on/off the CLI measurement semi-statically.
Proposal 2: At least periodic UE-to-UE CLI measurement is supported.
Proposal 3: Reuse NR SRS as the measurement RS for UE-to-UE CLI measurement. FFS details of NR SRS configurations for CLI measurement.
Proposal 4: NR should supports the following information exchanged among gNBs via backhaul signaling for the purpose of UE-to-UE CLI measurement:
· Configurations of RS for UE-to-UE CLI measurement.
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