3GPP TSG RAN WG1 #74
        

              R1-133091
Barcelona, Spain, August 19 – 23, 2013
Agenda item:
7.2.3.1
Source: 
Samsung 

Title: 



CRS handling in flexible subframes
Document for:
Discussion and Decision
1 Introduction

In RAN #58, a 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. From evaluations in the study item phase, interference mitigation is a critical factor in guaranteeing both the DL and UL throughput gains for eIMTA, especially for co-channel deployments of a macro cell and pico cells. 
One issue related to interference mitigation is the CRS in flexible DL subframes. This contribution considers the CRS transmission in flexible DL subframes. 
2 Discussion 
2.1 CRS structure in flexible subframe

SIB1 signaling is used to configure one from seven TDD UL-DL configurations indicating the duplex direction for a subframe to legacy UEs. Further, two types of CRS structures in DL subframes are supported since Rel-8, i.e. CRS structure in normal subframes and CRS structure in MBSFN subframes. Hence, the configuration for a flexible subframe could be categorized into 3 cases that are discussed below. 
Case 1: The subframe indicated as DL by SIB1 and it is a normal subframe
CRS is distributed into a normal DL subframe over 4 or 6 OFDM symbols (for 2 or 4 CRS ports, respectively). To avoid a negative impact on RRM of a legacy UE, all CRS should be always transmitted. Therefore, in order to maintain backward compatibility, the CRS structure remains the same as in Rel-11 and the subframe direction cannot be adapted (fixed subframe).
Case 2: The subframe indicated as DL by SIB1 and it is a MBSFN subframe
CRS exists only in the first 1 or 2 OFDM symbols according to the number of CRS ports. If PUSCH transmission is supported in a flexible MBSFN subframe, the first 1 or 2 OFDM symbols should be maintained for DL transmissions, to avoid any impact on RRM of legacy UEs, and only the remaining MBSFN subframe symbols can be used for UL transmissions. As shown in Figure 1, some symbols have to be used for the UL-DL switching time and the DL-UL switching time. The DL control region size can be derived either from the PCFICH or be semi-statically configured by higher layer signaling. 
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Figure 1: MBSFN based structure for Case 2
Although the PUSCH transmission is limited to a shorter period than in a normal UL subframe, use of MBSFN subframes as flexible DL subframes enables support of legacy UEs in an eIMTA cell with a DL heavy UL-DL configuration. For example, SIB1 may indicate UL-DL configuration 1 so that more DL traffic for legacy UEs (with TM9 & TM10) could be supported and a reconfiguration for eIMTA can be to UL-DL configuration 0 in order to support an UL traffic increase from eIMTA UEs. Another key advantage of such design is that a legacy UE operates the synchronous UL HARQ with 10ms HARQ RTT. This simplifies the eNB scheduler design for coordinating PUSCH SHARQ transmission of legacy UEs and IMTA UEs. 
Additionally, an MBSFN subframe may be used to support DL/UL interference measurements immediately after a reconfiguration. For example, for a given flexible subframe, some MBSFN subframe symbols can be used for DL transmissions in first cells having the flexible subframe as a DL one and for UL transmissions in second cells having the flexible subframe as an UL one. The UEs receiving DL transmissions in the first cells and the eNBs receiving UL transmissions in the second cells can then measure interference. Similarly, some other MBSFN subframe symbols can be used for DL transmissions in second cells having the flexible subframe as a DL one and for UL transmissions in first cells having the flexible subframe as a UL one. The UEs receiving DL transmissions in the second cells and the eNBs receiving UL transmissions in the first cells can then measure interference. In this manner, if the UL-DL reconfiguration is signaled before it is applied, for example 10 ms before, eNBs and UEs can perform interference measurements so that proper link adaptation can apply immediately after reconfiguration. Although this approach effectively disables use of almost one subframe for DL/UL scheduling, it can have a considerable net benefit. For example, for a UL-DL reconfiguration period of 40 ms or 80 ms, using one subframe for measurements to enable immediate link adaptation after reconfiguration results to a loss of 2.5% or 1.25% of resources, respectively, but the throughput gains from proper link adaptation can be substantially larger than 2.5% or 1.25%. Obviously, it is at the networks discretion whether to configure an MBSFN subframe for measurements or for conventional DL transmissions.
Case 3: The  subframe indicated as UL by SIB1

A subframe indicated as UL to legacy UEs has no impact on RRM of legacy UEs. If the UL subframe is a flexible one and is switched to a DL subframe, a CRS structure as in a normal subframe, a CRS structure as in a MBSFN subframe, or a non-CRS structure can be considered. 
As discussed in [3], interference measurements for a CSI report associated with DL transmission modes 1~9 are based on CRS. If transmissions modes 1~9 are supported in a flexible DL subframe, the CRS structure as in normal DL subframes should be used. As to TM10, the demodulation of PDSCH is based on DMRS and the CSI feedback is based on NZP CSI-RS and CSI-IM resource, so it could be beneficial to partially or completely remove CRS. If EPDCCH cannot be assumed to be supported by all eIMTA UEs, a MBSFN based structure for CRS transmission in a flexible DL subframe can be considered to support PDCCH. 
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Figure 2: flexible subframe structure for Case C
The MBSFN based structure may also be used to enable DL interference measurements based on CRS. For example, for a given flexible subframe, a first cell may use it as DL based on MBSFN structure, and a second cell may use it as UL. The interference for the DL transmission in the first cell is different from other fixed DL subframes. Then, UE in the first cell may rely on the CRS in the beginning one or two OFDM symbols to measure the interference and then report CSI information. 

Observation 1: The direction of a normal subframe indicated by SIB1 as DL shall remain fixed. 

Observation 2: The direction of a MBSFN subframe and the direction of a normal subframe indicated by SIB1 as UL can be flexible. 
Observation 3: If a  subframe indicated as UL by SIB1 is a flexible DL subframe, CRS transmission is needed to allow DL TM 1~9; or, a non-CRS structure can be considered but only TM10 can then be supported.
3 Conclusions
In this contribution, we discuss which type of subframe as configured by legacy broadcast signaling can act as a flexible subframe, and further discuss how to handle CRS transmission in a flexible subframe. We have the following observations,
Observation 1: The direction of a normal subframe indicated by SIB1 as DL shall remain fixed. 

Observation 2: The direction of a MBSFN subframe and the direction of a normal subframe indicated by SIB1 as UL can be flexible. 
Observation 3: If a subframe indicated as UL by SIB1 is used as a flexible DL subframe, CRS transmission is needed to allow DL TM 1~9; or, a non-CRS structure can be considered but only TM10 can then be supported.
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