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1 Introduction
Last RAN1 agreement on DL side interference mitigation schemes is as follows,
· In DL, at least two subframe sets can be configured to allow separate CSI measurement/report for either two types of  subframes, and/or two types of interference seen by a subframe 
· FFS if additional (more than two) subframe sets are needed

· FFS if applicability of this in different CSI reporting modes and/or transmission modes
· FFS further details of the required specification support
In this document we discussed supported CSI measurement sets especially with combination of eICIC(feICIC).  
2 Discussion
Maximum number of supported CSI measurement sets 
Flexible subframes and fixed subframes have already been mentioned in 3GPP meeting. The former one is related with subframes which may change the transmission direction and the latter means the transmission direction of subframe is never changed with the change of TDD UL/DL reconfiguration. In fixed subframe, the interference situation is relatively steady from the transmission direction point of view. For example, for a UE in a fixed downlink subframe, the interference always comes from neighbor cells instead of UEs (case a) in Fig.1). For an eNB in a fixed uplink subframe, the interference always comes from neighbour cell UEs instead of neighbour eNBs (in case b) in Fig.1). But in flexible subframes, the interference situation is complicated because there is potentially cross-link interference, for example UL-DL or DL-UL, as shown in case c) in Fig.1. 
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Figure 1 New interference situation in flexible subframes
Due to a potentially larger interference difference between fixed subframe and flexible subframe, it is reasonable to consider two measurement sets for each type of subframe. But the complicated thing is the combination with eICIC(feICIC), which also defines two measurement sets motivated by ABS and normal subframes. So if eICIC(feICIC) is considered in conjunction with eIMTA (which we think it should), we may need to consider up to four types of subframes for CSI measurements:
· subframe type A: fixed DL and non-ABS subframe

· subframe type B: fixed DL and ABS subframe (or non-zero power ABS subframe)

· subframe type C: flexible DL and non-ABS subframe

· subframe type D: flexible DL and ABS subframe (or non-zero power ABS subframe)
But on the other hand, the merit of such a distinction is not so clear and it increases the UE complexity of CSI measurement/calculation/reporting. Whether it is reasonable to distinguish the measurement set/subframes according the the subframe types A-D also depends on TDD UL/DL configuration and interference situation. With UL heavy configuration like configuration 0, 1 and 6 as shown in Table 1, it is not necessary to distinguish subframe type C and type D. And in whatever configuration, only few fixed DL subframes are available so maybe it is not necessary to have 2 sets for fixed DL subframes. Generally flexible subframe experience more complicated interference situation and large interference variation range so flexible subframes may be more suitable for allowing different measurement sets. It is especially useful for DL heavy cases, for example TDD configuration 5, which may has largest flexible subframes. In such case, no distinction of subframe type A and B but have the distinction of subframe type C and D is more reasonable. By having the flexibility on which subframes are used on which CSI measurement, there is not need to have 4 measurement sets.   

Based on such analysis, we propose 
Maximum measurement set is three, and how to configure measurement set depends on eNB implementation according to flexible/fixed/ABS subframe types.
 Table 1: Uplink-downlink configurations up to Release 11.

	Uplink-downlink

Configuration
	Downlink-to-Uplink

Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


Aperiodic CSI report triggering regarding to CSI measurement sets 
There are two bit CSI request field for PDCCH/EPDCCH with uplink DCI format in UE specific search space. Table 2 is used for TM1-9 and table 3 is used for TM10. In flexible subframe, it is preferable not to apply CRS dependent transmission mode as CRS has strong interference to other channels and is difficult to be coordinated due to full bandwidth transmission. TM10 has CSI-IM resource and no need to rely on CRS to calculate interference so that TM10 should be more appropriate transmission mode in flexible subframes. So table 3 could be used in TM10. How to combine measurement set in CoMP is FFS. In fixed subframe, table 2 and 3 could be used based on different transmission mode. So we propose 
Reuse current CSI request field to trigger aperiodic CSI report regarding to certain measurement sets

Table 2: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search space (Table 7.2.1-1A in [1])
	Value of CSI request field
	Description

	’00’
	No aperiodic CSI report is triggered

	‘01’
	Aperiodic CSI report is triggered for serving cell 
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	‘10’
	Aperiodic CSI report is triggered for a 1st set of serving cells configured by higher layers

	‘11’
	Aperiodic CSI report is triggered for a 2nd set of serving cells configured by higher layers


Table 3: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search space (Table 7.2.1-1B in [1])
	Value of CSI request field
	Description

	’00’
	No aperiodic CSI report is triggered

	‘01’
	Aperiodic CSI report is triggered for a set of CSI process(es) configured by higher layers for serving cell 
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	‘10’
	Aperiodic CSI report is triggered for a 1st set of CSI process(es) configured by higher layers

	‘11’
	Aperiodic CSI report is triggered for a 2nd set of CSI process(es) configured by higher layers


The need to introduce new X2 signalling to indicate subframe type
eNB could know SIB1 based TDD configuration of other eNB by O&M so which subframe of neighbour cell is flexible or fixed is known already. ABS and non-ABS could be gotten by current eICIC signalling. So it need not introduce new signalling to indicate four subframe types mentioned above. The only thing is whether it is necessary to indicate the transmission direction (uplink and downlink) in flexible subframes. In which case knowing the transmission direction of subframe is preferable to performance and interference mitigation but the benefit/meaning to do that depends on the delay of X2 signaling. If 2ms is the assumption of X2 delay, it is desirable to indicate the transmission direction. But if the assumption is more pessimistic X2 delay, e.g. 50 ms, it may lack of some interests to indicate that. So we propose 

- No need to introduce new X2 signaling to indicate subframe type (ABS, non-ABS, flexible, fixed)

- Subframe transmission direction indication is desirable but the necessary depends on X2 delay assumption
3 Conclusion
In this document we discussed downlink measurement sets in eIMTA. We proposed 

· Maximum measurement set is three, and how to configure measurement set depends on eNB implementation according to flexible/fixed/ABS subframe types

· Reuse current CSI request field to trigger aperiodic CSI report regarding to certain measurement sets
· No need to introduce new X2 signaling to indicate subframe type (ABS, non-ABS, flexible, fixed)

· Subframe transmission direction indication is desirable but the necessary depends on X2 delay assumption
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