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1. Introduction
The following agreement was made in RAN1#74 for an interference mitigation scheme in dynamic TDD UL-DL reconfigurations [1]:
· In DL, up to two subframe sets can be UE-specifically signaled (per serving cell) to allow separate CSI measurement/report for either two types of  subframes, and/or two types of interference seen by a subframe 
· FFS if applicability of this in different CSI reporting modes and/or transmission modes

This agreement means that the TDD eIMTA has a subframe-dependent interference characteristic. In this contribution, we discuss other aspects which are affected by subframe dependency; EPDCCH configuration and CRS transmission in flexible subframe. In addition, a couple of issues for supporting changeability of a special subframe are studied. 
2. Discussion

2.1. Subframe set-dependent operations 
In TDD eIMTA, a characteristic of interference is changed across subframes depending on the duplex direction of neighboring cells. Consequently, it is agreed that at least two subframe sets can be configured to allow separate CSI measurement/report, and it is to reflect subframe-dependent interference characteristic correctly. Then, such subframe-dependency can apply to some other operations in order to fully exploit this feature. One example is the EPDCCH configuration. There can be difference in the overall interference strength as well as the PRBs experiencing high interference across subframe types, so the optimal configuration of EPDCCH can be different in different subframe types (e.g. static subframe set/ flexible subframe set). Another example is the PDSCH RE mapping indicated by PQI, and some parameter such as the PDSCH starting symbol can be dependent of the interference conditions and differently set according to the subframe type. Besides such interference condition difference, if the UL-DL configuration of each TP is explicitly signaled to the UE, the momentary UL-DL configuration can affect EPDCCH monitoring and the PQI interpretation. For example, if a UE knows that a certain TP is operating UL in a subframe, there is no need to monitor EPDCCH or receive PDSCH which is quasi-co-located with that TP. The above-mentioned subframe-dependent EPDCCH/PDSCH operation can be also useful in handling this issue.

Proposal 1: The characteristic of subframe set dependency should be considered for other aspects; EPDCCH configuration, PQI interpretation and PDSCH RE mapping as well.

2.2. CRS transmission and transmission mode
With the working assumption on RRM/RLM made in RAN1#74, (if this working assumption is confirmed,) a subframe configured as DL subframe or DwPTS of special subframe in SIB1 (in case of PCell) and RadioResourceConfigCommonSCell IE (in case of SCell) should not be used for uplink transmission. Thus, it can be assumed that a flexible DL SF is a non-backward compatible subframe which can be used only for the advanced UE (AUE, e.g. Rel-12 UE). Therefore, the transmission of CRS in a flexible DL subframe is related to the transmission mode of the UEs which understand the dynamic UL-DL reconfigurations.

For a Rel-12 UE operating based on DM RS, if CRS-based RRM/RLM measurements are performed on static DL subframes, CRS transmission is nothing but unnecessary overhead. In addition, normal-power CRS transmission can cause eNB-to-eNB interference which impacts on neighbor cell’s UL transmission. So, as an effort to maximize the spectral efficiency and to mitigate eNB-to-eNB interference in the flexible SF, it is needed to support “no CRS transmission” in a flexible DL SF just like the NCT case. If a Rel-12 UE operating based on CRS wants to be scheduled in a flexible DL SF, one of the following two options can be selected:

Option 1) CRS transmission in a flexible DL SF. It should be considered that the CRS transmission power in a flexible DL SF can be reduced to mitigate the eNB-to-eNB interference.

Option 2) Temporal transmission mode change. Any Rel-12 UE receives PDSCH based on DM RS in a flexible DL SF.

Observation 1: It needs to be decided whether CRS can be transmitted in a flexible DL subframe. It also needs to be decided which TMs can be used under the UL-DL reconfigurations.

2.3. Changeability of a special subframe 
The issues related to the changeability of a special subframe are listed in [2]. In this contribution, details on those issues are discussed. Although the UL-DL configuration of a cell can be dynamically changed, it is not agreed whether the configuration change includes the change of the UL-DL switching period. One motivation to allow such UL-DL switching period change is to make use of the DL-heaviest configuration, UL-DL configuration #5, when the SIB1 indicates a UL-DL configuration having 5 ms switching period. This switching period change requires the subframe type change between a special subframe and a DL subframe. A couple of issues need to be discussed to define proper UE behaviors under such subframe type change. (In this contribution, SD SF means a DL subframe reconfigured from a special subframe which is configured by SIB1 or RadioResourceConfigCommonSCell IE.)

PDSCH/EPDCCH RE mapping

To avoid unnecessary resource waste, the OFDM symbols configured as GP and UpPTS can be used for PDSCH/EPDCCH transmissions for AUE in SD SFs. If PDSCH and EPDCCH are transmitted in those OFDM symbols, it needs to be decided whether PDSCH/EPDCCH transmissions for legacy UE (LUE) and AUE can be multiplexed within a same PRB pair. This multiplexing is beneficial in terms of resource utilization, while it requires some solutions for avoiding backward compatibility problems. If the multiplexing between AUE and LUE’s PDSCH/EPDCCH transmissions in a same PRB pair is permitted, proper RS (e.g. CRS, DMRS) pattern and PDSCH/EPDCCH RE mapping for those PRB pairs should be considered for coexistence of LUE and AUE. 

Observation 2: PDSCH/EPDCCH for AUE can be transmitted in GP and UpPTS of SD SFs, and multiplexing of AUE and LUE within a PRB pair can be considered in SD SFs.

CRS transmission

There are two alternatives for CRS transmission in SD SFs.

Option 1) Transmitting CRS symbols in only DwPTS region. In other words, AUE assumes that OFDM symbols transmitting CRS are decided by a subframe type configured by SIB1 or RadioResourceConfigCommonSCell IE. This option is simple, but AUE’s channel estimation performance might be degraded than normal DL subframe because of lack of reference signal if CRS based transmission mode is used for AUE. 

Option 2) Transmitting CRS symbols assuming normal DL SF. In this option, LUE regards SD SF as a special subframe and AUE regards SD SF as a normal DL SF. It is natural way because, in CRS’s view, difference between special and DL subframe is just whether CRS is transmitted in GP region or not. In addition, as AUE can use CRS in GP region, there is no channel estimation impact in CRS based TM.

Observation 3: Normal DL subframe can be assumed for CRS transmission in SD SFs.
DMRS pattern

DMRS pattern in SD SF depends on whether DL transmissions (PDSCH/EPDCCH) for AUE can be multiplexed with those for LUE within a PRB pair. There are two options for DMRS pattern for AUE in SD SFs.

Option 1) Using DMRS pattern defined for special subframe. This option is simple and it means that DMRS pattern for both AUE and LUE is decided by a subframe type configured by SIB1 or RadioResourceConfigCommonSCell IE. If DL transmission for AUE is permitted in GP and UpPTS, in terms of RE mapping for DL transmission, AUE should assume that the subframe is a DL subframe (i.e. PDSCH/EPDCCH REs are mapped on GP and UpPTS) but DMRS pattern for special subframe is assumed in that subframe. In addition, this option may cause a little demodulation performance degradation because of extrapolation-type channel estimation.

Option 2) Using DMRS pattern defined for normal DL subframe. In order to guarantee orthogonality between transmission layers, this option can be supported in case of not permitting simultaneous transmission of AUE and LUE’s DL transmission within a PRB pair. However, as mentioned above, resource separation for AUE and LUE’s DL transmission does not fully utilize resources. 

Observation 4: DMRS pattern decided by special subframe type configured by SIB1 or RadioResourceConfigCommonSCell IE can be used in SD SFs.
EPDCCH transmission in SD SFs

If multiplexing EPDCCHs of AUE and LUE within a PRB pair is not supported and EPDCCH sets for AUE and LUE are separated by frequency/time resources, AUE assumes SD SF as a normal DL subframe and LUE assumes SD SF as a special subframe, then all UEs can decode EPDCCH according to current specification without any changes. However, it may result in resource waste, for example, resources for GP and UpPTS in PRB pairs allocated to LUEs cannot be utilized. From the viewpoint of resource utilization, it is desirable that same EPDCCH set can be shared among AUEs and LUEs in SD SFs.

One of the issues in shared EPDCCH set between AUE and LUE is the number of EREGs per ECCE. According to current specification [3], in the case of normal CP, the number of EREGs per ECCE is 8 for special subframe configuration 1,2,6,7 or 9, and 4 for normal subframe and special subframe configuration 3,4, or 8. It means that LUE assumes 8 EREGs per ECCE and AUE assumes 4 EREGs per ECCE in SD SF when special subframe configuration configured by or RadioResourceConfigCommonSCell IE is 1,2,6,7 or 9. A common assumption for the number of EREGs per ECCE can be considered for simplicity, but as AUE can get enough coding gain from resources including GP and UpPTS area, it is slightly preferred that the number of EREGs per ECCE in SD SF is 4 for AUEs. It needs to be further studied whether common assumption of the number of EREGs per ECCE can be applied to both AUE and LUE, and how many EREGs compose ECCE for AUE and LUE in SD SF. 

Another issue is the minimum aggregation level in SD SFs. According to TS 36.213 [4], the minimum aggregation level of 2 is applied;

· for normal subframes and normal downlink CP when DCI formats 2/2A/2B/2C/2D are monitored and 
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· for special subframes with special subframe configuration 3,4,8 and normal downlink CP when DCI formats 2/2A/2B/2C/2D are monitored and 
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· for normal subframes and normal downlink CP when DCI formats 1A/1B/1D/1/2/2A/2B/2C/2D/0/4 are monitored, and when 
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 defined in section 6.8A.1 in [3]), or 
· for special subframes with special subframe configuration 3, 4, 8 and normal downlink CP when DCI formats 1A/1B/1D/1/2A/2/2B/2C/2D/0/4 are monitored, and when 
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defined in section 6.8A.1 in [3])
Because GP and UpPTS can be used for AUE’s EPDCCH transmission, if special subframe configuration index is 3,4 or 8, AUE and LUE may have different minimum aggregation level (e.g., LUE = 2, AUE = 1) under certain circumstances. In common with the number of EREGs per ECCE, normal subframe can be assumed for deciding the minimum aggregation level of AUE in SD SFs. It needs to be further studied whether common assumption of the minimum aggregation level can be applied to both AUE and LUE, and which value is applied to AUE and LUE in SD SF. 
Observation 5: A same EPDCCH set can be shared by AUE and LUE, and further studies for the number of EREGs per ECCE and the minimum aggregation level are needed.
3. Conclusion
In this contribution, we discuss details on TDD UL-DL reconfiguration, and our views are as follows;

Proposal 1: The characteristic of subframe set dependency should be considered for other aspects; EPDCCH configuration, PQI interpretation and PDSCH RE mapping as well.

Observation 1: It needs to be decided whether CRS can be transmitted in a flexible DL subframe. It also needs to be decided which TMs can be used under the UL-DL reconfigurations.
Observation 2: PDSCH/EPDCCH for AUE can be transmitted in GP and UpPTS of SD SFs, and multiplexing of AUE and LUE within a PRB pair can be considered in SD SFs.

Observation 3: Normal DL subframe can be assumed for CRS transmission in SD SFs.
Observation 4: DMRS pattern decided by special subframe type configured by SIB1 or RadioResourceConfigCommonSCell IE can be used in SD SFs.
Observation 5: A same EPDCCH set can be shared by AUE and LUE, and further studies for the number of EREGs per ECCE and the minimum aggregation level are needed.
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