

3GPP TSG-RAN WG1 NR #90	R1-1713476
21st – 25th August 2017
Prague, Czech Republic

Agenda Item:    6.1.5.1
Source: 	      Qualcomm Incorporated
Title: 	      Dynamic TDD UE to UE measurement considerations 
Document for:   Discussion/Decision
1. Introduction
In NR design for TDD operation in unpaired spectrum, dynamic allocation of resources for DL or UL direction (dynamic TDD) is being studied. Dynamic TDD provides the network with the flexibility to react to variation of the downlink to uplink traffic load ratio over time and across cells, thereby providing an opportunity for improvement in latency and user-perceived throughput.
However, an important challenge to take into consideration for dynamic TDD design is the management of cross-link interference (CLI). A cell that transmits in the downlink direction may cause BS-to-BS interference at a neighbour cell that adopts uplink operation in the same slot. Similarly, the UE from the cell with uplink direction of operation may cause UE-to-UE interference at the receiving UE in the downlink cell. Without techniques to manage or mitigate such cross-link interference, the system performance could be adversely impacted.
The following agreement has been reached in RAN1 NR Ad Hoc#2 meeting [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 provide some consideration on UE-to-UE interference measurement methods and metrics under both long-term (i.e., RSRP, RSSI) and short-term (i.e., CQI/CSI) approaches.  
2. Long-term vs. short-term CLI management
Any framework for CLI management, whether short-term or long-term, needs to provision for sounding opportunities where a subset of UE’s/TRP’s are configured to send some sort of RS and another set to do measurements and send back reports. One difference between short-term and long-term is that while in the former sounding and feedback needs to be close enough, i.e. less than channel’s coherence time, otherwise CLI metrics involving signal or interference beam directions become outdated. In the latter timelines are more relaxed (in the order of hundreds of milliseconds, or seconds). As such while RSSI and RSRP are suitable metrics for a long-term CLI management scheme, CQI and CSI are only useful as short-term CLI measurement metrics.
Observation 1: RSSI and RSRP are suitable long-term CLI measurement metrics, while CQI and CSI are only useful as short-term CLI measurement metrics. Reference [2] gives details of three such schemes, i.e., one long-term and two short-term CLI management schemes.
Proposal 1: RSRP and RSSI is used for long term CLI measurement, i.e. with measurement periodicity on the order of hundreds of milliseconds or longer. 
3. UE-specific vs. cell-specific sounding schemes
Sounding scheme is a key aspect of any CLI management framework, i.e., the framework needs to configure the subset of UE’s/TRP’s that are going to be sounded on a specific sounding occasion and the subset of UE’s/TRP’s that are to do measurements and send back reports. Sounding scheme could be either UE-specific (where UE’s are sounded and measured individually) or cell-specific (where all UE’s served by a specific cell are sounded and measured at once). 
UE-specific sounding is most useful for short-term CLI management schemes where neighbouring schedulers have precise knowledge of the specific UE’s that are going to be simultaneously served on both normal and converted slots.
Observation 2: UE-specific sounding is most useful for short-term CLI management schemes where schedulers have precise knowledge of the specific UE’s that are going to be simultaneously served on both normal and converted slots (see [2] for two such schemes).
Cell-specific UE sounding, on the other hand, is most useful for long-term CLI management schemes. If in a CLI management scheme conversion decisions or choice of parameters (e.g., Tx power back off) are made by converting TRP’s directly, then it makes sense for cell-specific UE’s to do measurements while UE’s in all neighbouring cells are sounded at once. This is because the converting cell only cares if it affects or is affected by any UE regardless of that UE’s serving cell. On the other hand, if conversion decisions are made by default neighbours (e.g., they could deny a cell’s conversion request), then it makes sense for cells to be sounded individually. This way a default TRP can assess the effects of a specific TRP’s conversion. 
Observation 3: Cell-specific UE sounding is most useful for long-term CLI management schemes (see [3] for one such scheme). 
· If in a long-term CLI management scheme conversion decisions or choice of parameters (e.g., Tx power back off) are made by converting TRP’s themselves, then it makes sense for cell-specific UE’s to do measurements while UE’s in all neighboring cells are sounded at once. This is because the converting cell only cares if it affects or is affected by any UE regardless of that UE’s serving cell.
· If in a long-term CLI measurement scheme conversion decisions are made by default neighbors (e.g., they could deny a cell’s conversion request), then it makes sense for cells to be sounded individually. This way a default TRP can assess the effects of a specific TRP’s conversion.    
4. CQI/CSI as short-term CLI measurement metric
As observed earlier, CQI/CSI are very useful CLI measurement metrics in a short-term CLI management scheme (see [2] for one such scheme). This is due to two main reasons:
1. The reported CQI is accurate and already accounts for expected CLI. This eliminates any negative impact from rate-control loops (e.g., increased back-off, etc.) Also, accurate CQI allows for better scheduling decisions.
2. There’s a good prospect for CLI rejection as UE’s/TRP’s having multiple antennas (many antennas in the case of m-MIMO). We also observe that line-of-sight CLI is likely to be rank deficient, which improves interference rejection prospect even further.
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· The reported CQI is accurate and already accounts for expected CLI. This eliminates any negative impact from rate-control loops (e.g., increased back-off, etc.) Also, accurate CQI allows for better scheduling decisions.
· There’s a good prospect for CLI rejection as UE’s/TRP’s have multiple antennas (many antennas in the case of m-MIMO). We also observe that line-of-sight CLI is likely to be rank deficient, which improves interference rejection prospect even further.
5. Conclusion
In this contribution, we provide our view on the UE to UE CLI measurement. Observation and proposals are summarized as below
Observation 1: RSSI and RSRP are suitable long-term CLI measurement metrics, while CQI and CSI are only useful as short-term CLI measurement metrics. Reference [2] gives details of three such schemes, i.e., one long-term and two short-term CLI management schemes.
Observation 2: UE-specific sounding is most useful for short-term CLI management schemes where schedulers have precise knowledge of the specific UE’s that are going to be simultaneously served on both normal and converted slots (see [2] for two such schemes).
Observation 3: Cell-specific UE sounding is most useful for long-term CLI management schemes (see [3] for one such scheme). 
Observation 4: CQI/CSI are very efficient short-term CLI measurement metric because:
Proposal 1: RSRP and RSSI is used for long term CLI measurement, i.e. with measurement periodicity on the order of hundreds of milliseconds or longer. 
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