Page 1

3GPP TSG-RAN WG4 Meeting #73

R4-147700
San Francisco, CA, US, 17 – 21 Nov, 2014
Agenda item:
7.12.2
Source:
Intel Corporation
Title:
Discussion on NAICS CSI reporting requirements
Document for:
Discussion

1. Introduction

The NAICS WI Performance part goals include definition of the CSI feedback requirements for NAICS receivers [1]:

· Specify demodulation and CSI feedback performance requirements based on the signalling of interference parameters as specified in the core part of the work item, as well as on the assumed UE blind detection as agreed in RAN4…
The RAN1 WG has made a study of NAICS CSI reporting in the WI Core part. Eventually, two general options were discussed: 1) keep the existing CQI definition unchanged and let RAN4 define new tests for NAICS based CSI reporting, and 2) change the CQI definition and allow LMMSE-IRC receiver based reporting. Several concerns on the introduction of the CQI enhancement were raised, including the potential complexity and reliability of the interferer parameter estimation. As a compromise, it was decided to continue feasibility study in RAN4 on the possible CSI enhancements without precluding RAN1 specification change in the future if the outcome of the RAN4 discussion would be negative [2]:
· In Rel-12, there is no change to the current CQI definition for NAICS CSI reporting.
· Note that the UE would take into account any NAICS gains into the CQI derivation and it is up to RAN4 whether a new test case is required

· If RAN4 performance part does not find a feasibility of above note, these agreements do not preclude possibilities of RAN1 specification change

In the last RAN4 meeting initial discussion on the NAICS CSI reporting took place, but no agreements were reached. In this contribution we share our further views on the potential CSI reporting impacts on NAICS receivers from the UE implementation perspective and highlight potential issues associated with various CSI reporting approaches.
2. Discussion

Based on previous RAN1 and RAN4 WG discussion the following alternatives can be considered with regards to the CSI reporting for NAICS receivers:

· Option 1: LMMSE-IRC based CSI feedback

· Option 2: NAICS based CSI feedback

· Option 3: Undefined CSI reporting requirements (i.e. implementation specific)
2.1 LMMSE-IRC based reporting
For this approach the UE makes CSI feedback calculation under assumption of using LMMSE-IRC receivers without taking into account potential Rel-12 NAICS. In this case UE would likely underestimate the CQI in NAICS favourable conditions and OLLA needs to be applied at the eNB side to achieve performance improvement. This approach might result in the reduced performance due to low convergence of the OLLA algorithm and reduced capabilities to capture instantaneous interference variations. However, based on the RAN1 WG studies, there is no common view on the performance impacts of this approach and selected results show that OLLA can be applied to achieve NAICS gains. At the same time, this approach has the lowest complexity and might be more preferable from the implementation perspective. Another potential benefit of the LMMSE-IRC based approach is that the CSI reporting is consistent in all subframes and derived under same well-established assumptions. 
To enable LMMSE-IRC based reporting, the RAN1 CQI definition should be changed to capture that the CQI calculation should not take into account NAICS capabilities (i.e. pre-NAICS CSI). In addition, RAN4 CSI reporting tests need to be introduced to check that UE does LMMSE-IRC based reporting.
Observations:

· LMMSE-IRC based CSI reporting
· In case of LMMSE-IRC based CSI reporting OLLA can be used to achieve improved system performance for NAICS receivers.

· To enable LMMSE-IRC based CSI reporting the RAN1 CQI definition needs to be changed and special RAN4 CSI reporting tests for NAICS receivers need to be introduced.

2.2 NAICS based CSI reporting

For NAICS based CSI reporting, UE needs to take into account possible NAICS IS/IC gains into CQI (PMI/RI) derivation. This approach would have larger implementation and computational complexity than the LMMSE-IRC based CSI reporting due to additional interference parameters measurements and modified CQI calculation procedure.

In accordance to the current CQI definition UE will be required to provide the highest CQI index that would result in PDSCH transport block transmission with 10% BLER. This means that for the CQI calculation UE should generally assume full NAICS receiver structure which is identical to the one used for the demodulation purposes (i.e. including PDSCH-IS/IC and CRS-IC functionality). At the same time, in the scope of RAN1 studies several approaches on the CQI calculation were considered:
· “Full NAICS” CSI calculation: CSI feedback is calculated under assumption of using R-ML/SLIC NAICS receiver exploiting enhanced interference channel estimation and blind detection of all dynamic parameters. In this case OLLA is still needed to compensate potential variations in interference conditions. In addition, the respective approach has the largest complexity.
· E-LMMSE-IRC based CSI calculation: CSI feedback is calculated under assumption of using E-LMMSE-IRC based NAICS receiver. For this method, UE needs to estimate the interference precoding parameters, however the knowledge of the modulation format is not required. In this approach the CQI will likely be underestimated and OLLA should be used to fix the gap between the E-LMMSE-IRC and R-ML/SLIC.
· NAICS based CSI calculation with fixed interferer MCS: CSI feedback is calculated under assumption of using R-ML/SLIC NAICS receiver for the case when a part of interference parameters is detected and part of them is fixed. In particular, the modulation format can be assumed to be fixed. In this approach OLLA is also needed as the CQI can be underestimated or overestimated and target PER cannot be guaranteed.
· Clean CSI reporting: CQI is derived under assumption of complete dominant interferer cancellation. In most cases, ideal compensation is not possible and eNB will need to apply OLLA to reduce the overestimated CQI.
In our understanding, the respective approaches were studied in the RAN1 WG, however no conclusions on the feasibility of different mechanisms from the performance/complexity perspectives were reached.
Observations:

· NAICS based CSI reporting

· Different NAICS based CSI reporting algorithms can be considered and RAN1 WG did not reach consensus on the feasibility of those algorithms from the performance/complexity perspectives
· NAICS based CSI reporting still requires using OLLA

· NAICS based CSI reporting has higher implementation complexity comparing with the LMMSE-IRC based CSI reporting.
Interference parameters measurements
To enable NAICS based CSI reporting, UE needs to estimate the dominant interferer PDSCH parameters including spatial precoding and modulation format (for non-clean CQI) and the residual interference level. For the legacy receiver structures, it is assumed that for the purposes of the CSI feedback calculation the interference for the TMs 1-9 is measured on the serving cell CRS, while for the TM10 the CSI-IM REs are used. In general, CRS and/or Data REs can be used for interference measurements for NAICS CSI feedback calculation. For the TM10, CSI-IM can be also potentially used for the NAICS interference measurements. In our previous paper [3], we have shown that NAICS related interference parameters measurements on the CRS and Data REs cannot be done in certain scenarios. For instance, in case of using CRS REs based measurements, the interference PDSCH characteristics cannot be measured in the colliding CRS case. Meanwhile, for the non-colliding CRS scenarios the number of available REs may be too small to have reliable PDSCH interference parameters estimates. Furthermore, the interference measurements on the data REs cannot be obtained when the UE does not have serving cell PDSCH transmissions on those REs.
Observations:

· Interference measurements for NAICS based CSI reporting

· In the colliding CRS scenario, UE cannot estimate dominant interferer PDSCH parameters on the CRS REs.

· In the non-colliding CRS scenario, the dominant interferer PDSCH parameters estimation on the CRS REs may be not reliable.

· In case of using data REs for the interference PDSCH parameters measurements the reliability and complexity of the measurements depends on the presence of the serving cell transmission.

· In case if the measurement resources overlap with the serving cell transmission to another UE, the interference PDSCH parameters measurements complexity goes beyond agreed NAICS demodulation complexity.

· For the TM10 UE, the interferer PDSCH parameters for CSI feedback cannot be measured on the CSI-IM resources.

2.3 Undefined CSI reporting requirements
One of the potential approaches mentioned in the last RAN4 meeting was not to define CSI requirements. In our view, if the CSI requirements are not defined and the CQI definition is not changed the CSI reporting mechanism will be completely UE implementation specific. However, in such case the UE behaviour may be not consistent and not known at the eNB side. In particular, depending on the implementation UE may use either LMMSE-IRC or NAICS based CSI reporting or a mix of LMMSE-IRC and NAICS based CSI reports. In the latter case the eNB will not be aware about this and the network efficiency might drop since the OLLA algorithm might not be able to properly handle the CQI variations on different subframes.
Observations:

· Undefined CSI reporting requirements
· In case CSI reporting requirements for NAICS receivers are not defined, UE may use implementation specific CSI estimation mechanism including a) LMMSE-IRC based CSI reporting, b) NAICS based CSI reporting, c) mix of LMMSE-IRC and NAICS based CSI reports.
· In case CSI reporting requirements are not defined the network performance may degrade due to inconsistent CQI reporting.
2.4 Summary

Below in Table 1 we provide a brief summary of potential CSI reporting approaches that can be considered in the NAICS WI scope.
Table 1. NAICS based CSI reporting approaches

	#
	Type
	Algorithm
	Description
	Interference measurements
	OLLA
	Compliance to the CQI definition

	1
	LMMSE-IRC based CSI
	LMMSE-IRC based CSI
	CSI feedback is calculated based on LMMSE-IRC receiver without taking into account potential Rel-12 NAICS gains.
	Always available
	OLLA is needed: CQI is underestimated.
	Not compliant

	2a
	NAICS based CSI
	“Full NAICS” CSI calculation
	CSI feedback is calculated under assumption of using the R/ML/SLIC NAICS receiver based on the interference signal channel estimation and parameters blind detection (incl. modulation) in the CSI reference resources. 
	May be not available in case UE does not have scheduled PDSCH
	OLLA is needed due to interferer variations.
Efficiency may degrade due to inconsistent CSI reporting.
	Strictly follows the CQI definition

	2b
	
	E-LMMSE-IRC based CSI calculation
	CSI feedback is calculated under assumption of using the E-LMMSE-IRC NAICS receiver based on the interference signal channel estimation and precoding/presence blind detection in the CSI reference resources.
	May be not available in case UE does not have scheduled PDSCH
	OLLA is needed: CQI is underestimated.

Efficiency may degrade due to inconsistent CSI reporting.
	Partially follows CQI definition

	2c
	
	NAICS based CSI calculation with fixed interferer MCS
	CSI feedback is calculated under assumption of using the R/ML/SLIC NAICS receiver based on the interference signal channel estimation, precoder/presence blind detection and fixed interferer modulation (e.g. QPSK).
	May be not available in case UE does not have scheduled PDSCH
	OLLA is needed: CQI can be underestimated or overestimated
Efficiency may degrade due to inconsistent CSI reporting.
	Partially follows CQI definition

	2d
	
	Clean CSI
	CSI feedback is calculated under assumption of perfect dominant interferer suppression.
	May be not available in case of non-colliding CRS.
	OLLA is needed: CQI is overestimated.
	Not compliant

	3
	Undefined CSI reporting
	Implementation specific
	UE may use implementation specific CSI estimation mechanism
	Implementation specific
	Inconsistent CSI reporting may happen
	May be not compliant


Based on the analysis of the potential CSI reporting options, we think that NAICS based reporting has many open issues including the CQI calculation assumptions, availability of interference measurements and potential inconsistent CSI reporting all of which need further discussion. Hence, it might be rather premature to agree on using NAICS based CSI reporting. At the same time, using implementation specific CSI reporting might impose significant network issues due to the fact the CSI reporting assumption are not known at the eNB side. Meanwhile, the LMMSE-IRC based reporting provides the most safe implementation option which can still provide NAICS gains. Furthermore, in some scenarios UE does not have any other choice but to apply LMMSE-IRC based reporting due to unavailability of the interference measurements. So, in our view at least for those cases the LMMSE-IRC based reporting should be applied.
For other cases, in general, the RAN4 studies on the NAICS based reporting may continue. However, we would like to note that the candidate CQI calculation algorithms eventually have different resulting BLER performance and OLLA needs to be applied to compensate the bias. Meantime, the RAN4 does not have well established methodology to perform the comparison of different CSI reporting options under assumption of using OLLA in the dynamic interference environments. Furthermore, the realistic gains can be actually analysed using system-level simulations only which is rather a RAN1 WG task. Hence, the criteria and methodology for the algorithm down-selection are non-trivial and need further detailed discussion.
Observations:

· There is no well-established RAN4 methodology to make comparison of different CSI reporting mechanisms under assumption of using OLLA.

3. Conclusions

In this contribution we have shared our views on different NAICS CSI reporting framework aspect. In summary we make the following observations and proposals:

Observations:

· LMMSE-IRC based CSI reporting
· In case of LMMSE-IRC based CSI reporting OLLA can be used to achieve improved system performance for NAICS receivers.

· To enable LMMSE-IRC based CSI reporting the RAN1 CQI definition needs to be changed and special RAN4 CSI reporting tests for NAICS receivers need to be introduced.

· NAICS based CSI reporting

· Different NAICS based CSI reporting algorithms can be considered and RAN1 WG did not reach consensus on the feasibility of those algorithms from the performance/complexity perspectives

· NAICS based CSI reporting still requires using OLLA

· NAICS based CSI reporting has higher implementation complexity comparing with the LMMSE-IRC based CSI reporting.

· Interference measurements for NAICS based CSI reporting

· In the colliding CRS scenario, UE cannot estimate dominant interferer PDSCH parameters on the CRS REs.

· In the non-colliding CRS scenario, the dominant interferer PDSCH parameters estimation on the CRS REs may be not reliable.

· In case of using data REs for the interference PDSCH parameters measurements the reliability and complexity of the measurements depends on the presence of the serving cell transmission.

· In case if the measurement resources overlap with the serving cell transmission to another UE, the parameters measurements complexity is beyond agreed NAICS demodulation complexity.

· For the TM10 UE, the interferer PDSCH parameters for CSI feedback cannot be measured on the CSI-IM resources.

· Undefined CSI reporting requirements
· In case CSI reporting requirements for NAICS receivers are not defined, UE may use implementation specific CSI estimation mechanism including a) LMMSE-IRC based CSI reporting, b) NAICS based CSI reporting, c) mix of LMMSE-IRC and NAICS based CSI reports.
· In case CSI reporting requirements are not defined the network performance may degrade due to inconsistent CQI reporting.

· There is no well-established RAN4 methodology to make comparison of different CSI reporting mechanisms under assumption of using OLLA.

Based on the observations above on the unavailability of the interference measurements in some scenarios and given that there is no well-established methodology for the comparison of the CSI reporting algorithms under assumption of using OLLA, we think that LMMSE-IRC based CSI reporting is the most viable option and hence make the following proposal:
Proposal #1: LMMSE-IRC based CSI reporting is used for NAICS receivers in Rel-12 scope.
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