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1 Introduction

In RAN #58 meeting, a new WI on “Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation” was agreed [1]. The main objective is to enable TDD UL-DL reconfiguration for traffic adaptation in small cells. As had been evaluated in study item phase, interference mitigation scheme can be a critical factor to guarantee the gain in both downlink and uplink transmission, especially for the scenario co-channel interference from macro cell is existed to the pico cells. 
One issue related to interference mitigation is the CRS structure for the DL transmission in flexible subframe. CRS has to be always transmitted with high power, and is hard to coordinate its interference among cells. Further, the CRS transmission in flexible subframe also has impacts on RRM for legacy UEs. Hence in this contribution, we provide our view on the CRS transmission in flexible subframe in eIMTA. 
2 Discussion 
From Rel-8, CRS is transmitted with constant high power in the full bandwidth. There are 6 frequency shifts defined for CRS by specification, but it is equivalent to 3 for a typical cell deployment with 2 CRS ports. Hence CRS ports for a cell will collide with the CRS of 1/3 of neighbor cells, results in relatively high mutual interference. That is, CRS will cause high interference to neighbor cells, and also channel estimation based on CRS is interfered by CRS from neighbor cells. In a cell with low load, the CRS still needs to be transmitted at the constant high power, hence waste the energy of eNB. 
Actually, starting from Rel-10, more and more attentions are focused on DMRS based transmission, so as to mitigate the above mentioned drawback of CRS. In another WI of New Carrier Type [2], it’s targeted to enhance the cell performance by minimizing the use of CRS. Accordingly, we consider minimizing the use of CRS in the design of transmission schemes for the flexible subframe in eIMTA. 
Besides the above mentioned interference aspect or energy saving aspect of CRS transmission, CRS transmission in flexible subframe may also impact RRM measurement of legacy UE. As indicated by the WI descriptions [1], backward compatibility should be maintained for legacy UEs. E.g. the RRM performance of legacy UE should not be degraded. Since a legacy UE always assumes a subframe duplex direction as indicated by SIB1 and also the MBSFN configuration from Rel-8, all CRS indicated by such legacy signaling should always be transmitted in flexible subframe for proper RRM operation of legacy UE. 
2.1 CRS structure in flexible subframe

2 types of CRS structures in DL subframe are supported from Rel-8, i.e. normal CRS structure or MBSFN structure. 
For a flexible subframe, it’s not discussed yet if may be configured as either a UL or a DL subframe by the SIB1 UL-DL configuration. Then, in case a flexible subframe is used as DL by eNB, the DL transmission could be categorized into 3 cases according to the duplex direction indicated by SIB1 and the CRS structure configured. 

Case 1: the flexible subframe indicated as DL by SIB1, and it’s not a MBSFN subframe;
For Case 1, CRS is distributed into the subframe and occupied 4 or 6 columns of OFDM symbols. The DL transmission could be done as defined in early releases, but CRS interference is hard for coordination. Further, as to UL transmission, it’s practically impossible to adapt it for UL transmission unless the CRS is removed. However, it impacts RRM of legacy UE by removing CRS. Therefore it’s not desired to adapt the duplex direction for a normal DL subframe indicated by SIB1 and MBSFN configuration. 

Case 2: the flexible subframe indicated as DL by SIB1, and it’s a MBSFN subframe;

For Case 2, there only exist CRS in the first 1 or 2 OFDM symbols according to the number of CRS ports. The DL transmission defined for a MBSFN subframe in early releases could be reused. In case of PUSCH transmission, the first 1 or 2 OFDM symbols should be still fixed to DL transmission to keep the RRM of legacy UE unaffected. Denote the number of OFDM symbols fixed to DL transmission as n, only the remaining period of N-n OFDM symbols can be adapted to UL, where, N is 14 and 12 for normal CP and extended CP respectively. Actually, as shown in Figure 1, considering the UL-DL switching time and DL-UL switching time, the number of SCFDMA symbols could be transmitted in the data region of MBSFN subframe is less than N-n. The size of control region in the front of a MBSFN subframe could be derived from PCFICH, or semistatically configured by high layer signaling. 
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Figure 1: MBSFN based structure for Case 2
Though the PUSCH transmission is limited to a shorter period than a normal UL subframe, Case 2 enables the possibility that an eIMTA cell could support legacy UE with a DL heavy UL-DL configurations. For example, it may setup UL-DL configuration 1 by SIB1 so that more DL traffic for legacy UEs could be supported, meanwhile, flexibly changing into an actual UL-DL configuration 0 to track UL traffic increase for eIMTA UE is still allowed. A key merit of such design is that a legacy UE operates its synchronized HARQ transmission of PUSCH with 10ms HARQ RTT, which simplifies the eNB scheduler design on coordinating PUSCH transmission of legacy UEs and IMTA UEs. 

Case 3: The flexible subframe indicated as UL by SIB1.

For Case 3, it is straightforward the whole subframe could be used for UL transmission in the flexible subframe, since it is UL subframe as indicated by SIB1 signaling. Further, it will not impact RRM of legacy UE, no matter how DL transmission is supported, since Legacy UE will never measure CRS in such flexible subframe. According to the analysis in section 2, CRS causes the problem for high interference to neighbor cell, vulnerable to interference from neighbor cells, and waste of energy. Therefore, the normal CRS structure from Rel-8 should be ruled out for DL transmission in such flexible subframe. MBSFN structure could be considered since most CRS are removed in a MBSFN structure, as shown in Figure 2(a). Further, it’s also possible that CRS is completely removed in DL transmission in such flexible subframe, as shown in Figure 2(b). Applying MBSFN structure for DL transmission has the benefit of reusing everything defined in early release; however, the non-CRS structure should be more appropriate since it maximizing the benefit of interference coordination and energy saving in low load case. 
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Figure 2: flexible subframe structure for Case C
On the other hand, since the flexible subframe is a UL subframe indicated by SIB1, it could be in HARQ-ACK feedback timing following Rel-8 PDSCH HARQ timing. Adapting the subframe for DL transmission means HARQ-ACK feedback for legacy UE cannot be transmitted any more. We think eNB could handle such case in a transparent way to legacy UE by implementation, e.g. for a flexible subframe currently used as DL, eNB could avoid scheduling the DL subframes which results in a HARQ-ACK transmission in the flexible subframe to legacy UEs. Peak data rate would be decreased, but such problem is actually inevitable in a cell operation eIMTA. 
Observation 1: Subframe of Case 1 is not suitable for eIMTA, while subframe of Case 2 and 3 could be considered further. 
· Case 2: the flexible subframe indicated as DL by SIB1, and it’s a MBSFN subframe;

· Case 3: The flexible subframe indicated as UL by SIB1.

2.2 DL transmission in flexible subframe
According to TDD frame structure defined in Rel-8, some subframes have to be fixed to DL, while duplex direction of others could be adapted with UL/DL traffic distribution. Among the 10 subframes in a radio frame, subframe 0, 5 and DwPTS should be fixed to DL due to the existence of P-BCH/S-SCH; subframe 2 is much likely to be fixed to UL since it is UL in all 7 existed UL-DL configurations. The remaining 5 subframes, i.e. 3, 4, 7, 8 and 9 are possible for the adaptation. That is, at most the 5 subframes could be utilized in the adaptation of UL/DL subframe allocation tracking traffic characteristic. 
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Figure 3: 

In the fixed DL subframe, the Rel-8 CRS structures (either normal structure or MBSFN structure) could be used straightforwardly. Hence the PDSCH demodulation could be based on either CRS or DMRS. While, for the DL transmission in flexible subframe as discussed in Section 2.1, either the MBSFN based structure in Case 2 and Case 3, or the non-CRS structure in Case 3, the commonality is there is no CRS in the PDSCH region. As a result, DMRS based DL transmission mode has to be used. 
As to the UL/DL grant transmission, both PDCCH and EPDCCH could be considered for MBSFN based structure for Case 2 and Case 3, while only the EPDCCH based structure can be used in the non-CRS structure in Case 3. 

Observation 2: According to the CRS structure in flexible subframe, 

· DMRS based PDSCH transmission in flexible subframe

· PDCCH or EPDCCH based DL grant transmission for MBSFN based flexible subframe structure, and only EPDCCH based DL grant transmission for non-CRS flexible subframe structure
3 Conclusions
In this contribution, we discuss the CRS transmission in flexible subframe. CRS transmission should be minimized, since it causes the problem for high interference to neighbor cell, vulnerable to interference from neighbor cells, and waste of energy. We have the following observations,
Observation 1: Subframe of Case 1 is not suitable for eIMTA, while subframe of Case 2 and 3 could be considered further. 

· Case 2: the flexible subframe indicated as DL by SIB1, and it’s a MBSFN subframe;

· Case 3: The flexible subframe indicated as UL by SIB1.

Observation 2: According to the CRS structure in flexible subframe, 

· DMRS based PDSCH transmission in flexible subframe

· PDCCH or EPDCCH based DL grant transmission for MBSFN based flexible subframe structure, and only EPDCCH based DL grant transmission for non-CRS flexible subframe structure
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