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1. Introduction & Background
The new work item [1] for NAICS was approved for Release 12 in RAN #63 meeting. In RAN1 #77 meeting, following agreements were made, and the TDD related aspects are marked in yellow background.
Agreements:
· The following parameters of interfering cells are signaled by higher layer

· Restricted subset of PA 

· Data RE to RS power offset values should apply to QPSK PDSCH transmissions 

·  The exact values of PA will be determined until RAN1#78, including existing values and possible new values
· Working assumption: TM(s) used in eNB
· “x” bits to represent supported TMs, i.e., TM1, TM2 (a “fallback” mode),TM3,TM4,TM6,TM8,TM9,TM10
· FFS: QCL
· FFS: Zero power and non-zero power CSI-RS configuration (Optionally provided by eNB)
· FFS: PDSCH starting position

· FFS: TDD UL/DL configuration of interfering cells
Based on last meeting’s agreements, TDD related issues such as UL/DL configuration of interfering cells and NAICS on special subframe are still open for discussion. This contribution intends to complete TDD aspect for NAICS, to meet the deadline of Rel-12 NAICS WI.
2. NAICS CQI Feedback for Special Subframe
The main function of NAICS is PDSCH-IC. In TDD system, PDSCH may be transmitted in the DwPTS of special subframe. DwPTS is shorter than a normal DL subframe, i.e., the number of OFDM symbol in DwPTS is 6 or 9 or 3 or other values. Up to now RAN4 concludes NAICS is applicable in a PRB pair, because DwDPT duration is shorter than a PRB pair, it’s not clear if it is possible to do NAICS on DwPTS. 
If NAICS could not apply in SS, the CQI calculated in SS may be much lower than that in DL subframe, if CQI feedback takes NAICS receiver gain into account [2], as shown in Figure 1. There are several approaches to handle different CQIs in SS and normal DL subframe.
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Figure 1. CQIs in DL subframe and SS
· Approach 1: Feedback 2 different CQIs, one reflects DL subframe and the other indicates SS. This approach needs two CSI processes and double UL resources for CSI feedback.
· Approach 2: Feedback the average CQI of DL subframes and SS. The feedback CQI through this approach does not indicate the channel quality of either DL subframe or SS. DL subframe’s transmission ability may be wasted and BLER of SS may be increased due to this inaccuracy CQI. Approach 3: Feedback the average CQI of DL subframes only. . The feedback CQI in this approach reflects the actual channel quality of DL subframes, however, the actual channel quality of SS may be much different from the feedback CQI. In this case, there are two possible eNB implementations to schedule PDSCH in SS: first one is to schedule another legacy UE (not capable of NAICS) in the SS, and the second one is to apply OLLA and eNB side CQI compensation if the eNB is to schedule the NAICS-capable UE in SS. Both eNB implementations seem viable. 
· Approach 4: For NAICS purpose, limit scheduling of DwPTS to be the same as the latest DL subframe. Thus, UE could reuse the interference estimated in DL subframe and performance NAICS in SS. This approach may lose some scheduling flexibility but obtain NAICS gain in SS.
In summary, the approaches discussed above have both different pros and cons. Take standardization impact and performance for consideration, we slightly prefer approach 3.
Proposal 1. 
· If NAICS CQI feedback is to take NAICS gain into account

· Special subframe is excluded from CQI reference resource
· If NAICS CQI feedback is not to take NAICS gain into account

· No change to CQI reference resource

3. NAICS with eIMTA
Currently, NAICS capability is only implemented in DL subframes assuming the interference is also a LTE DL subframe. For TDD system without eIMTA, UE should assume same UL/DL configuration for neighbor cells and apply NAICS in DL subframes. However, when eIMTA is configured in the network, the neighbor cells may be configured with different UL/DL configurations, which may make this assumption fails.
With eIMTA, and if CCIM is used, namely a cluster of pico cells uses the same UL/DL configuration, and different clusters use different UL/DL configurations, in general the UE can assume same UL/DL configuration for neighbor cells (for NAICS purpose). Therefore, assuming same UL/DL configuration in eIMTA does not exclude possibility of eIMTA. Based on that we make the proposal:

· One bit higher layer signaling to inform UE if the UE may assume same UL/DL configuration
· If the bit is set to true, UE may assume same UL/DL configuration with neighbor cell

· Note that this bit does not necessarily correspond to the actual eIMTA deployment, i.e., even if eIMTA is deployed, it is still possible that the bit is set to true.
With eIMTA, and if CCIM is not used, a UE may experience different UL/DL configuration from neighbor cells. Usually, considering the deployment scenario of eIMTA, inter-cell interference may be small enough and MMSE receiver can work well in eIMTA scenario. However, if the inter-cell interference should be taken into account and NAICS receivers are desired, UEs have to distinguish which subframe is DL. In this case, the above bit may be set to false, i.e., UE cannot assume same UL/DL configuration.

For the case that UE cannot assume same UL/DL configuration, since the UL subframes can be dynamically changed into DL subframes at a minimum of 10ms periodicity, it’s impossible to inform the actual neighbor cell UL/DL configuration to the NAICS UE due to X2 interface delay. Thus, if a UE intends to perform NAICS in a flexible subframe, a UE would need to blind detect the UL/DL subframe in order to perform NAICS in the flexible subframes (subframe #3, #4, #6, #7, #8, #9), which causes higher UE complexity. The concept is illustrated in Figure 2. Because RAN4 never studies how to detect a subframe is UL or DL, and considering the timeline to finish NAICS SI, it is better to avoid blind detection of UL/DL subframe in Rel-12.
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Figure 2. Flexible subframe in eIMTA

There are three possible options to handle NAICS when UE cannot assume same UL/DL configuration. 

Option 1: disable NAICS when UE cannot assume same UL/DL configuration. This is the simplest approach in terms of specification; however performance is lower than the other two approaches.

Option 2: apply NAICS in subframe #0 and #5. For other DL subframe and SS, adopt MMSE-IRC receiver. It is clear that subframe #0 and #5 are always DL subframes, therefore it is safe to apply NAICS accordingly. Comparing with option 1, option 2 has better performance and is with slightly higher spec complexity.
Option 3: eNB informs UE which subframe is DL. In eIMTA operation, the eNB is able to know certain subframe is DL (in addition to subframe #0 and #5), based on existing X2 parameters 1) intended UL/DL configuration, and 2) SIB-1 UL/DL configuration, because SIB-1 UL/DL configuration corresponds to a minimum set of DL subframes. Additionally exchanging DL reference configuration in X2 may help the eNB to determine which subframe is DL, but may be a bit late considering the timeline of eIMTA WI.
Proposal 2. 
· One bit higher layer signaling to inform UE if the UE may assume same UL/DL configuration

· If the bit is set to true, UE may assume same UL/DL configuration with neighbor cell

· Note that this bit does not necessarily correspond to the actual eIMTA deployment, i.e., even if eIMTA is deployed, it is still possible that the bit is set to true.

· If the bit is set to false, UE cannot assume same UL/DL configuration with neighbor cell. RAN1 would need to discuss the following three possible UE behaviors:
· Option 1: disable NAICS when UE cannot assume same UL/DL configuration. 
· Option 2: apply NAICS in subframe #0 and #5. For other DL subframe and SS, adopt MMSE-IRC receiver
· Option 3: eNB informs UE which subframe is DL in neighbor cell (in addition to subframe #0 and #5). UE carry out NAICS in the corresponding DL subframes. 
· Considering NAICS timeline and performance gain, option 2 is slightly preferred but all three options are acceptable to us.
4. Conclusion
Some considerations on TDD related issues for NAICS are discussed in this contribution. Below listed our proposals :
Proposal 1. 
· If NAICS CQI feedback is to take NAICS gain into account

· Special subframe is excluded from CQI reference resource

· If NAICS CQI feedback is not to take NAICS gain into account

· No change to CQI reference resource
Proposal 2. 
· One bit higher layer signaling to inform UE if the UE may assume same UL/DL configuration

· If the bit is set to true, UE may assume same UL/DL configuration with neighbor cell

· Note that this bit does not necessarily correspond to the actual eIMTA deployment, i.e., even if eIMTA is deployed, it is still possible that the bit is set to true.

· If the bit is set to false, UE cannot assume same UL/DL configuration with neighbor cell. RAN1 would need to discuss the following three possible UE behaviors:

· Option 1: disable NAICS when UE cannot assume same UL/DL configuration. 
· Option 2: apply NAICS in subframe #0 and #5. For other DL subframe and SS, adopt MMSE-IRC receiver
· Option 3: eNB informs UE which subframe is DL in neighbor cell (in addition to subframe #0 and #5). UE carry out NAICS in the corresponding DL subframes. 
· Considering NAICS timeline and performance gain, option 2 is slightly preferred but all three options are acceptable to us.
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