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1. Introduction
In the last meeting, several contributions [1]~[6] discussed about conditions to progress eICIC demodulation and CSI requirements mainly about FDD. In this contribution, TDD related aspects on demodulation and CSI requirements are discussed.
2. Discussion
After last RAN4 59 meeting, several agreements [7] on demodulation and CSI requirements are shown as followed:
· WF1: TM 1 (single antenna port) should be used and additionally TM 2 (SFBC) should be used. Inclusion of Rank 2 transmission with TM3/4 will be evaluated until next meeting. 

· WF2: Consensus on including Option 1 and 2. Tests will be defined for these options. Option 3 still considered until next meeting and proponents are expected to provide further analysis for this option.
· Option 1:Non-colliding RS with non-MBSFN ABS configuration
· Option 2: Colliding RS for MBSFN ABS configuration
· Option 3: Colliding RS for non-MBSFN ABS configuration
· WF3: Initial requirements should be defined for UE categories [1] – 8  for 10 MHz. UEs to be tested only for 1 category since Rel-10 UE cat 6-8 also have a Rel-8 category.
· WF4: The demodulation performance should be verified for PDSCH with CFI=3. Further discussion needed on CFI for PDCCH/PHICH requirements.
It can be found that these work assumptions are common for FDD and TDD. And most of them are consistent with eICIC RRM/RLM discussion. Compared with demodulation and CSI agreements in RAN4 58AH [8], there are still two aspects remaining:
1) SNR setting for interfering cell
2) Subframe Patterns for defining requirements

With respect to the first item, during the past RAN4 meetings, system level simulation are conducted by several companies, which leads to companies agreed on side conditions used for requirements definition, such as interfering cell SNR 1dB for cell identification and 5dB for RSRP/RSRQ measurements. Though the difference between these two values needs to be elaborated further, most of the simulation results demonstrate it properly. We note that in resent agreed simulation assumptions for PDSCH [9], which considers large interference. In our opinion, SNR setting for the final requirements should still consistent with system evaluation results, because low to median cell range expanse which will not cause large interference are widely accepted. And interference environment for RRM/RLM should naturally reflect what suffered by PDSCH.
Proposal 1: interfering cell SNR setting used for demodulation and CSI requirements should be consistent with cell identification/RRM/RLM requirements in EICIC.
With respect to the second item, almost blank subframe(ABS) /MBSFN subframe are now accepted for interference mitigation techniques for co-channel eICIC. So UE may go through time variant interference, which means relative high in non-ABS subframe and sparse REs interfered in ABS or MBSFN subframe. Due to this interference characteristic, RAN1 has agreed text proposals in resource restricted CSI measurements [10].
· A UE is configured with resource-restricted CSI measurements if the set of subframes CCSI,0  and the set of subframes CCSI,1 are configured by higher layers.

· If the set of subframes CCSI,0 and the set of subframes CCSI,1 are configured by higher layers, each CQI reference resource belongs to either CCSI,0 or CCSI,1.
· For periodic CQI reporting if the UE is configured with resource-restricted CSI measurements, a valid downlink subframe as reference resource is an element of the set of subframes linked to the report.
According to above progress, two subframe subsets that can distinguish time variant interference are needed for demodulation and CSI requirements. Considering what concluded in [8], several patterns are need: 
· 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).

Documents [1]~[4] mainly discussed about FDD patterns, which are basically originated from [11]. As in that way forward, candidate ABS/MBSFN patterns are given out:
The patterns to be evaluated are the regular patterns with blanking rate (2/8 (for FDD) and (2/10 (for TDD)

FDD patterns:




(1/8,1,ABS)

[ 10000000, … ]




(2/8,2,ABS)

[ 11000000, … ]




(3/20,1,MBSF)

[ 1000010000 1000000000 ]

TDD patterns:
(1/10,1,ABS) 

[ 0000000001, … ]
(2/10,2,ABS)

[ 0000011000  0000011000 ]




(2/10,1,MBSF)

[ 0000100001  0000100001 ]

Other candidate patterns for consideration if the group is Ok with the work load:

FDD patterns:




(3/8,1,ABS)

[ 11100000, … ]

The patterns above shall apply from subframe 0

For FDD patterns, it seems that (2/8, 2, ABS) are favorable [3][4], due to the consecutive subframes that can be use to verify UEs capable of interference average or channel estimation average.
For TDD patterns, in our opinions the above way forward should be baseline. Demodulation and CSI requirements should be UE side consideration. Because in network side, combined techniques can be employ to mitigate interference, such as subframe shift, fake UL subframe and different DL/UL configuration between cells. Most of them are implementation aspects or network planning. Due to these variable matters, it is reasonable to design TDD patterns from the view of interfered UEs. Several aspects need considerations for defining patterns are discussed as followed:
Pattern density:
Due to TDD nature, DL subframes are less than FDD, and some subframes that bear important control channel can not be configured as ABS/MBSFN subframes. On the other hand, UE in the cell range expanse region will be limited under low to median RE. So from the network view, ABS pattern density concluded in the way forward [8] is proper. 
Noted that UE implementation may employ interference/channel estimation average, so pattern design should consider this property, such as TDD pattern 2:

(2/10,2,ABS)

[ 0000011000  0000011000 ]
Measurement and Scheduling set:
As pointed out above, average behavior may be employed by UE. In order to ensure that UE can do averaging correctly, measurement set design should be able to test the performance, which means UE can switch to different measurement set quickly. For these purpose, interfered normal subframe should be adjacent to ABS/MBSFN subframe. This is critical for TDD due to limit downlink subframes. Corresponding to each ABS pattern, and from the UE side view, the interference pattern could be (for example DL/UL config#2) as followed for each ABS pattern:
P_abs1: [ 00000 00001 ],  P_Int1:  [ 00000 00010 ] 
P_abs2: [ 00000 11000], P_Int2:  [ 00001 00000]

P_abs3: [ 00001 00001] ,P_Int3:  [ 00010 00010]
For TDD, CSI feedback period are normally 5ms. It can be reused in eICIC scenarios, but the feedback will be out time, especially when the pattern period is longer than 1 radio frame. This issue should be considered further, in R10 timeline, it can be investigated using 1 radio frame. So the CSI measurement pattern could be as followed, noted that P_CSI x1 for ABS/MBSFN subframe and P_CSI x2 for interference subframe:

      P_CSI 11:  [ 00000 00001] ,  P_CSI 12:  [ 00000 00010]
P_CSI 21: [ 00000 11000],  P_CSI 22:  [ 00001 00000]
P_CSI 31:  [ 00001 00001],  P_CSI 32: [ 00010 00010]
With respect to scheduling subframe set, the two subframe subsets could be proper scheduling sets. If UEs are scheduled in the other subframe that the interference situation is unclear to network, the performance will be unstable. So from the RAN4 requirements view, scheduling pattern could be as followed, in which P_S x1 means UE is scheduled in ABS/MBSFN subframe and P_S x2 means UE is scheduled in interference subframe:

 P_S 11:  [ 00000 00001] ,  P_S 12:  [ 00000 00010]
P_S 21: [ 00000 11000],  P_S 22:  [ 00001 00000]

P_S 31:  [ 00001 00001],  P_S 32: [ 00010 00010]
Proposal 2: patterns used for demodulation and CSI requirements in TDD could be as followed, but not limited for further consideration:

ABS pattern and Interference pattern:

P_abs1: [ 00000 00001 ],  P_Int1:  [ 00000 00010 ]
P_abs2: [ 00000 11000], P_Int2:  [ 00001 00000]

P_abs3: [ 00001 00001] ,P_Int3:  [ 00010 00010]
CSI pattern:

  P_CSI 11:  [ 00000 00001] ,  P_CSI 12:  [ 00000 00010]
P_CSI 21: [ 00000 11000],  P_CSI 22:  [ 00001 00000]

P_CSI 31:  [ 00001 00001],  P_CSI 32: [ 00010 00010]
Scheduling pattern:

P_S 11:  [ 00000 00001] ,  P_S 12:  [ 00000 00010]
P_S 21: [ 00000 11000],  P_S 22:  [ 00001 00000]

P_S 31:  [ 00001 00001],  P_S 32: [ 00010 00010]
Note that in RAN4 Demod&CSI tests, subframes used for demodulation are limited by some aspects, such as reserve Subframe 5 in RMC solely for system information to avoid impact the maintenance of code rate. These testing issues should be considered to refine the patterns. 
3. Conclusion
In this contribution, we discuss about assumptions for TDD demodulation and CSI requirements, and we have the following proposal:
Proposal 1: interfering cell SNR setting used for demodulation and CSI requirements should be consistent with cell identification/RRM/RLM requirements in EICIC.

Proposal 2: patterns used for demodulation and CSI requirements in TDD could be as followed, but not limited for further consideration:


ABS pattern and Interference pattern:

P_abs1: [ 00000 00001 ],  P_Int1:  [ 00000 00010 ]
P_abs2: [ 00000 11000], P_Int2:  [ 00001 00000]

P_abs3: [ 00001 00001] ,P_Int3:  [ 00010 00010]
CSI pattern:

  P_CSI 11:  [ 00000 00001] ,  P_CSI 12:  [ 00000 00010]
P_CSI 21: [ 00000 11000],  P_CSI 22:  [ 00001 00000]

P_CSI 31:  [ 00001 00001],  P_CSI 32: [ 00010 00010]
Scheduling pattern:

P_S 11:  [ 00000 00001] ,  P_S 12:  [ 00000 00010]
P_S 21: [ 00000 11000],  P_S 22:  [ 00001 00000]

P_S 31:  [ 00001 00001],  P_S 32: [ 00010 00010]
Note that in RAN4 Demod&CSI tests, subframes used for demodulation are limited by some aspects, such as reserve Subframe 5 in RMC solely for system information to avoid impact the maintenance of code rate. These testing issues should be considered to refine the patterns. 
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