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1
Introduction
Discussions on demodulation and CSI requirements took place during RAN4#58AH and subsequently over the e-mail reflector. The document in [1] was agreed and includes the following proposals as way forward for CSI/demodulation:
· Proposal 1: TM 1 (single antenna port) should be used and additionally TM 2 (SFBC) should be used. The inclusion of TM 3/4 rank 2 transmission will be checked until May. 

· Proposal 2: Baseline to be chosen in May based on the following options:

· Non-colliding RS with non-MBSFN ABS configuration

· Colliding RS for MBSFN ABS configuration

· Colliding RS for non-MBSFN ABS configuration

· Proposal 3: Initial requirements should be defined for UE categories [1] – 5 for 10 MHz. Other channel bandwidths are FFS.
· Proposal 4: The demodulation performance should be verified for PDSCH (CFI=2 or 3) and the need for PDCCH/PHICH testing will be discussed in May
· Proposal 5: SNR setting for the single interfering cell

· Should reflect typical scenarios; 

· Limitation on the offset between the serving cell SNR and interfering cell SNR should be taken into account.

· Proposal 6: Following patterns should be defined for requirement definition:

· UE configured patterns: Pattern for RLM/RRM (P_R), Pattern 1 for CSI (P_CSI1), Pattern 2 for CSI (P_CSI2), 

· eNB side patterns: Pattern for actual interference (P_Int), Pattern for scheduling (P_S).

· May meeting should discuss the initial set of patterns to be used for simulation campaign.
This contribution further elaborates on these proposals in order to progress the work on demodulation and CSI requirements for Rel-10 eICIC. Preliminary simulation results (without receiver impairments) are also provided in relevant cases.
2
Choice of transmit mode for PDSCH demodulation
Related to the choice of antenna configuration and transmit mode for initial PDSCH demodulation requirements, both 1- and 2-Tx with respectively TM1 and TM2 need to be covered because:

· These are expected to be common network deployments;
· The impact in terms of residual CRS interference in ABS scales with the number of antenna ports; 

· Rank-1 transmission under single-antenna port mode (TM1) or 2-Tx transmit diversity (TM2) is essential as it allows maintaining PDSCH connection up to the cell edge.  
There is not yet consensus reached on the inclusion of rank-2 transmission, and which of TM3 or TM4 to select in that case. One argument playing in favour of including rank-2 transmission would be a potential benefit throughput-wise for non cell-edge pico UEs which still experience some degree of macro CRS interference in ABS. However it remains to be seen whether such benefit in throughput lies within practical and achievable range of SNR. 
Figure 1 provides a comparison between TM2 (rank-1) and TM3 (rank-1&-2) throughput performance assuming practical link adaptation. These results assume the non-colliding CRS case with non-MBSFN ABS for interfering cell SNRs of -100 dB (single-cell case, reference) and 10 & 15 dB (cases with interfering cell). The channel profile is extended typical urban (ETU) channel with 5 Hz Doppler frequency (ETU5). Detailed simulation assumptions are provided in Annex, Table 1. Similarly to [2], it is seen in Figure 1 that residual CRS interference in ABS shifts the cross-over point between rank-1 and rank-2 throughput curves: we observe an increases from ~12 dB in the single-cell case up to ~18 dB under an interfering cell SNR of 15 dB. Moreover, in the latter case, significant throughput gains offered by rank-2 transmission are only observed in the very high SNR regime (above 25 dB) and are thus unlikely to be reached in practice. One may conclude based on these observations that rank-2 transmission with TM3 has indeed potential for throughput gains at system level. However, the condition to this is that eICIC interference stays moderate such that these benefits are within practical/reachable range of SNR.
Error propagation due to erroneous decoding of PCFICH/PDCCH is not taken into account here. It should be noted that, despite the CRS interference in ABS, the impact of PCFICH/PDCCH errors is expected to be rather low within the region of interest, i.e. around 70% relative throughput, because associated test points are at relatively high SNR. It still remains to be checked whether that is still true for low MCS. One alternative (related to Proposal 4) would be to verify PDSCH performance under the assumption of extended PHICH duration with CFI=3, thus completely skipping potential issues with PCFICH errors during the actual testing phase.

TM3 is also preferred over TM4 for essentially two reasons:
1. TM3 is expected to be commonly deployed in 2-Tx LTE networks;

2. TM4 provides very little gain if none at all in the 2-Tx uncorrelated setup mostly because of the very coarse codebook for closed-loop precoding (4/2 entries for rank-1/2, respectively) [2]. 
We conclude the above analysis with the following proposal:

Proposal 1’: 
TM 1 (single antenna port) should be used and additionally TM 2 (SFBC) should be used. TM3 transmission with rank-2 shall be considered, provided that the throughput test point is within feasible range while still providing meaningful performance improvement over rank-1 transmission, considering that the test point should also be realistic from a deployment perspective.
[image: image1.emf]-10 -5 0 5 10 15 20 25 30 35

0

10

20

30

40

50

60

2x2 - PDSCH - TM2 vs. TM3, 10MHz, 50PRB, ETU5

 

 

TM2 - Rank 1 - Int. SNR=-100dB

TM2 - Rank 1 - Int. SNR=10dB

TM2 - Rank 1 - Int. SNR=15dB

TM3 - Rank 1 & 2 - Int. SNR=-100dB

TM3 - Rank 1 & 2 - Int. SNR=10dB

TM3 - Rank 1 & 2 - Int. SNR=15dB


Figure 1: Throughput performance of TM2 vs. TM3 under non-MBSFN ABS and non-colliding CRS for interfering cell levels of {-100, 10, 15} dB. 
3
Type of ABS pattern and CRS configuration

The different types of ABS patterns and associated CRS configurations in serving/interfering cell have been widely discussed and looked at from multiple angles in RAN4. It has been agreed to retain two configurations for RLM/RRM requirements:
· Non-colliding CRS with non-MBSFN ABS configuration;

· Colliding CRS for MBSFN ABS configuration.

Based on practical network planning considerations, it is proposed in [4] to assess the UE demodulation performance with non-MBSFN ABS with colliding CRS as a baseline. However, it should be noted there have been several reasons for not including colliding CRS with non-MBSFN ABS configuration so far, such as:

· Under non-MBSFN ABS with colliding CRS, there is no difference between ABS and non-ABS subframes from RLM/RRM measurement perspective;
· Under non-MBSFN ABS with colliding CRS, there is no difference between ABS and non-ABS subframes from CSI (CQI/PMI/RI) measurement perspective;

Thus measurement restrictions for RLM/RRM and CSI become effectively useless under non-MBSFN ABS with colliding CRS as they are not reflected in UE measurements. There are also additional aspects impacting the physical channel demodulation itself:

· The channel estimator is impaired severely by colliding CRS: the operation point for the channel estimation filter cannot be properly set due to pessimistic interference estimate derived from CRS. Another notable effect is that erroneous channel estimates impact all data symbols during demodulation, unlike in the non-colliding CRS case.  
· Large CQI compensation via outer-loop link adaptation needs to be performed at eNB side due to pessimistic CQI reported by the UE. The main drawback with large CQI compensation factors is that eNB cannot fully take into account receiver aspects typically factored into UE reported CQI nor correct transmission rank as rank adaptation depends to large extent on receiver implementation.

Based on the above considerations and because of needed consistency with existing agreements for RLM/RRM, it is reasonable to assume that non-MBSFN ABS with non-colliding CRS can also provide the baseline for demodulation/CSI requirements. The colliding CRS case may still be tackled by means of MBSFN ABS if deemed necessary.
Proposal 2’: 
Choose non-MBSFN ABS with non-colliding CRS as baseline for demodulation/CSI requirements.

4
System bandwidth for initial requirements

All of Rel-8 and Rel-9 bands support 5 and 10 MHz system bandwidths, which explain their wide use in existing requirements and also their importance in upcoming LTE network deployments. It is proposed in [4] to consider 1.4 MHz system bandwidth in addition. However, it is well known fact that an LTE system bandwidth of 1.4 MHz suffers from issues with system coverage as well as control channel capacity. Furthermore, it is not supported in all Rel-8 and Rel-9 bands. For these reasons, it was decided from Rel-9 onwards to conduct PDCCH and PDSCH demodulation tests with 10 MHz bandwidth in most cases. Hence, Proposal 3 seems reasonable in the light of the above considerations.
5
Demodulation of control channels

The need to verify overall control channel performance under TDM eICIC has not yet reached consensus. In our view, the latter goes in par with verifying PDSCH demodulation performance in order to guarantee a given level of service in Rel-10 eICIC deployments. The primary goal here is to verify control channel demodulation under residual CRS interference in ABS. Related to the choice of CFI=2 or 3, our preference would be to only test with CFI=3 for the following reasons:

· PCFICH is severely impacted by CRS interference in ABS as seen in earlier studies [5] [6] and becomes the bottleneck to eICIC system performance. Thus setting CFI=3 and skipping PCFICH detection via the knowledge of extended PHICH duration provide a sensible deployement alternative for Rel-10 eICIC.
· PHICH is severly impacted by CRS interference in ABS [5], similarly to PCFICH. Setting CFI=3 together with an extended PHICH duration is expected to mitigate the impact of ABS interference on PHICH demodulation to large extent.
· RLM link level results for Rel-10 eICIC showed a large spread in control channel performance with CFI=2 [6], which led to the conclusion in [1] stating that CFI = [3] case should be included.
Link level performance results for PDCCH under TDM eICIC are provided and discussed in more details in a companion paper [7]. Based on the above considerations on verifying control channel performance as well as the ones in Section 2 related to PDSCH demodulation, we propose the following:

Proposal 4’: The demodulation performance should be verified for PDSCH (CFI= 3) as well as for PDCCH/PHICH while prioritizing CFI=3 in test cases.
6
On the choice of patterns for CSI and demodulation
Discussions on CSI requirements for eICIC are about to start in RAN4. CSI requirements comprise verification of CQI, rank indicator (RI) and precoding matrix index (PMI) reporting. It was agreed that requirements for Rel-10 eICIC do not include enhanced downlink MIMO nor carrier aggregation. Consequently, CSI verification for eICIC needs to be performed exclusively over CRS on a single carrier. In the following we discuss several aspects related to the upcoming work on CSI and demodulation requirements.
CSI patterns:
So far, the spirit of existing Rel-8/9 CSI requirements is to allow some amount of CSI averaging, i.e. UE may measure signal and/or interference components for CQI calculation over more than one subframe. CSI restrictive patterns limit to some extent opportunities to perform CSI measurements and thereby may potentially limit or even disallow CSI averaging over consecutive subframes, depending on the choice of patterns. ABS patterns with blanking rates of 1/8 for FDD (1/10 for TDD) have been so far prioritized in the course of deriving RLM/RRM requirements. However, one should still consider at this stage blanking rates of 1/8 and 2/8 for FDD when investigating requirements before down-selecting the choice to either of these. CSI restrictions themselves represent already a significant deviation from Rel-8/9 paradigms and patterns with blanking rate of 1/8 for FDD effectively do not allow anymore CSI averaging in practice.
Proposal 6’: Investigate the feasibility of CSI requirements for eICIC based on ABS patterns with 1 and 2 consecutive subframes available for measurements before down-selecting the choice to either one of these types of patterns.
Reporting delays:
CSI restrictive patterns obviously affect minimum reporting periodicity (from 2 ms to e.g. 8 ms with typically considered patterns for FDD) and associated delays when each CSI report is taken into use at eNB side, which in turn impacts performance. Colliding CRS with MSBFN ABS would also impact CSI report as CRS-to-CRS collisions occur in the first OFDM symbol. It needs to be investigated how significant these impacts are before concluding on whether to use existing CSI requirements or to derive new ones.
Scheduling patterns:
It has been agreed to verify UE demodulation performance over both subset of subframes signaled for CSI restriction. For this purpose, as stated in Proposal 6, the following patterns need to be defined: Pattern 1 for CSI (P_CSI1), Pattern 2 for CSI (P_CSI2), Pattern for actual interference (P_Int) and Pattern for scheduling (P_S). The key question to start with is how would typical CSI patterns look like, i.e. the choice for P_CSI1 and P_CSI2. The latter would provide us some clues on how to define P_Int and P_S accordingly. We discuss choices for these patterns in the following.
The LS from RAN1 in [8] states that CSI (CQI,PMI,RI) feedback based on interference measurement in restricted subsets of subframes is enabled through configured subsets of subframes indicated by a CSI measurement subframe configuration, ..., 0 or 2 subframe subsets can be configured per UE. Further mention is made that the 2 subframe subsets may or may not be the complement of each other. Additionally, a typical configuration is provided as an example: As an example, the first subset of subframes could be chosen to indicate the expectation that they are subject to a different level of interference than in the second subset of subframes. Any difference in average interference level could then be reflected in the CSI reports linked to each subset. As discussed in [9] and stated in the exemplary case provided by RAN1 in [8], the purpose of the two agreed subsets is to guarantee two sets of resources, each having stable interference characteristics, such that UEs can perform CSI measurements within the subsets and derive CSI feedback accordingly. The main motivation behind such construction is to allow for dynamic load balancing between macro and pico nodes as traffic conditions may vary. Hence macro/pico eNBs having at hand CSI information linked to each of the subsets can potentially schedule UEs dynamically over either one of the two subsets. In a situation when the network could not guarantee stable interference conditions over two distinct sets of resources, the two subsets would not be configured to be complement of each other. However, we fail to see that situations where P_CSI1 and P_CSI2 would not be complement of each other represent typical network deployments and consider that situations with a large number of subframes where no CSI measurement can be configured would be very unlikely network deployment. In the latter case the proper network action would be to shrink the CRE zone or to coordinate ABS patterns within macro cells as discussed in [10]. Taking as baseline P_CSI1 and P_CSI2 being complement of each other, the actual pattern for interference P_Int stems immediately (e.g. low ABS-type of interference over subframes matching with P_CSI1 and high full-load interference over the ones matching with P_CSI2) as well as the pattern P_S to use for scheduling which depends upon which of the CSI subsets to test demodulation over. 
Proposal 6-2: Define PDSCH demodulation requirements for eICIC where: P_CSI1 and P_CSI2 are complement of each other. P_Int stems from the choice of P_CSI1 and P_CSI2. P_S is selected according to which one of P_CSI1 or P_CSI2 to test demodulation for. 
7
Conclusion
This contribution discussed the current framework for demodulation/CSI requirements for eICIC. Before reaching test case definitions, agreements need to be made in terms of baseline ABS pattern and CRS configuration, which channels to derive performance requirements for, and finally the choice of CSI restrictive patterns as baseline for further studies. In order to progress the work we suggest further amendments to the proposals in [1] as follows:

Proposal 1’: 
TM 1 (single antenna port) should be used and additionally TM 2 (SFBC) should be used. TM3 transmission with rank-2 shall be considered, provided that the throughput test point is within feasible range while still providing meaningful performance improvement over rank-1 transmission, considering that the test point should also be realistic from a deployment perspective.

Proposal 2’: 
Choose non-MBSFN ABS with non-colliding CRS as baseline for demodulation/CSI requirements.
Proposal 4’: 
The demodulation performance should be verified for PDSCH (CFI=3) as well as for PDCCH/PHICH while prioritizing CFI=3 in test cases.
Proposal 6-1: Investigate the feasibility of CSI requirements for eICIC based on ABS patterns with 1 and 2 consecutive subframes available for measurements before down-selecting the choice to either one of these types of patterns.
Proposal 6-2: Define PDSCH demodulation requirements for eICIC where: P_CSI1 and P_CSI2 are complement of each other. P_Int stems from the choice of P_CSI1 and P_CSI2. P_S is selected according to which one of P_CSI1 or P_CSI2 to test demodulation for. 
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Annex – Simulation Assumptions
Table 1: Link-level simulation assumptions

	Parameter
	Value

	
	Serving cell
	Interfering cell

	Carrier frequency
	2 GHz

	System bandwidth 
	10 MHz

	Network synchronization
	Reference
	3 s time offset wrt. serving cell

	eNB antenna configuration
	2 Tx
	2 Tx

	UE antenna configuration
	2 Rx

	CRS configuration / frequency shift 
	2 CRS
	2 CRS, different frequency shifts wrt. serving cell (non-colliding CRS)

	SNR 
	Serving cell SNR: within variable range
	Interfering cell SNR {-100, 10, 15} [dB]

	Channel model, Doppler frequency, spatial correlation
	ETU, 5 Hz, spatially uncorrelated

	Detector at UE 
	MRC (rank-1) / MMSE (rank-2)
	No a-priori knowledge of interfering cell (no CRS interference cancellation)

	Channel estimation at UE 
	Realistic channel estimation over CRS 
	

	Subframe configuration (PDCCH, PDSCH) 
	CFI=3
	CFI=3

	PDSCH – Transmit modes
	TM2: transmit diversity
TM3: transmit diversity + open-loop spatial multiplexing
	 Non-MBSFN ABS interference


	PDSCH – Link adaptation
	Link adaptation + outer-loop link adaptation with 15% target BLER for the 1st transmission
	-

	PDSCH – Rank adaptation
	TM2: Fixed rank-1.
TM3: Rank adaptation, rank-1 & rank-2
	-

	PDSCH – Detection
	Standalone (no joint PCFICH/PDCCH detection)
	-

	PDSCH – Resource allocation
	Full band (50 PRB)
	-



