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1 Introduction

In RAN#62 meeting, a new work item on physical layer aspects of small cell enhancements was approved [1]. More specifically, small cell WI has the following scope for introducing 256QAM. 

· Spectrum efficiency enhancement with introduction of higher order modulation, i.e., 256QAM, in the downlink transmission, while keeping existing size of CQI feedback field and MCS indication.
Generally speaking, 256QAM mainly targets the UEs experiencing high geometry e.g. in indoor sparse small cell scenarios with low mobility. However, there are still the cases that 256QAM may not be suitable for such UEs. Therefore, allowing the possibility to enable or disable 256QAM is beneficial. 
In RAN1#76bis, the conclusion is, 
· In TM10, decide in RAN1#77 between the following alternatives:

· Alt 1: CQI table can be CSI process dependent and MCS table can be PQI dependent

· Alt 2: CQI table is common for all CSI processes and MCS table is common for all PQI sets

· Alt 3: CQI table can be CSI process dependent and MCS table is common for all PQI states

· FFS, decide in RAN1#77 between the following two alternatives 

· Alt 1: the use of 256QAM CQI table can be configured for each measurement subframe set 
· Alt 2: the use of 256QAM CQI table can be configured is common for all measurement subframe sets

In this contribution, we provide our view on the possible signalling or procedure to configure 256QAM based on various conditions. 
2 CQI/MCS table for different subframe set

In a LTE system, different subframes may encounter different channel qualities. 
One use case is eICIC. A macro cell may configure ABSF so that interference caused by macro cell DL transmission is significantly reduced in such subframes. As a result, a UE in the CRE region can be served by pico cells. A center UE of pico may observe very high SINR in macro cell ABSF compared to other subframes with macro downlink transmissions, and it is up to implementation of pico cell to schedule a center UE in ABS. 
Another use case is eIMTA. The nature of eIMTA is dynamically changing a subframe direction. Hence, as shown in Figure 1, the interference is always from a neighbour cell DL transmission (eNB-eNB interference) for a fixed DL subframe, which is the normal case of LTE system; while the interference can be from neighbour cell UL transmission (UE-UE interference) for a flexible subframe used as DL direction. UE-UE interference is normally very low due to the NLOS channel compared with eNB-eNB interference. Consequently, the SINR for a flexible subframe used as DL can be much larger than other fixed DL subframes. 
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Figure 1: Interference condition for eIMTA
In eICIC, by configuring ABS, there is no interference from unicast PDSCH transmission, but CRS interference as well as paging signal may still act as a source of interference; further, mutual interference between pico cell DL subframes is not mitigated. As to eIMTA, a typical scenario is there is no macro coverage in the frequency running eIMTA, hence no macro interference; further, given 2 UEs belonging to different pico cells but near to each other is of a very low probability, the impacts of UE-UE interference is rather low. Therefore, the DL channel for a flexible DL subframe in eIMTA is much cleaner than eICIC. As a result, the SINR for a flexible DL subframe in eIMTA can be even larger than the case of eICIC. In other words, significantly different SINR may be observed in a fixed DL subframe and a flexible DL subframe for eIMTA. 
The commonality for eICIC and eIMTA is two subframe sets are defined. Typically, the classification of subframe sets reflects the difference on interference levels, then it is beneficial to configure CQI table per subframe set. We have done system level evaluation to justify the gain. 
We evaluate SCE scenario 1 with 4 pico cells per cluster and with one cluster per macro sector. A 6dB CRE bias is applied and the number of ABSF subframes is configured to 2 per radio frame. Full buffer traffic is used in the evaluation. The detailed simulation assumptions are provided in Annex A. We assume the new MCS table supporting 256QAM is applied on all subframes, while two configurations on CQI tables for a pico cell are compared. The exact MCS/CQI table simulated are provided in a companion contribution [3].
· Scheme 1: The new CQI table supporting 256QAM is applied in CSI feedback in all subframes, which serves as baseline;

· Scheme 2: The new CQI table supporting 256QAM is only applied to a set of subframes corresponding to ABSF subframes of macro cell, while legacy CQI table is applied on the other set of subframes on pico. 

According to the evaluation results summarized in table 1, scheme 2 outperforms scheme 1. Actually, applying the same way handling legacy/new CQI table configuration for all pico UEs in scheme 2 is not the best in performance. By allowing per subframe set configuration of CQI table on a per UE basis, eNB scheduler can optimise CQI table configuration for a UE based on its exact channel condition, hence results in larger performance gain.
Table 1: Performance comparison for per-set CQI table configuration
	
	5-Tile(kbps)
	50-Tile(kbps)

	Scheme 1
	302
	0.00%
	2228
	0.00%

	Scheme 2
	320
	5.96%
	2278
	2.24%


Proposal 1: 

· Per subframe set configuration on CQI table for 256QAM support is adopted.
3 CQI table for different CSI process

In Rel-11 CoMP operation, a UE can be configured with multiple CSI processes, and each CSI process may have its own assumption on transmission point and interference scenario. For example, one CSI process may reflect CoMP JT. The signal from neighbour cells are never mutual interfering but become a combined useful signal, the SINR for this CSI process may be much higher depending on UE positions. A second example is different CSI processes may actually correspond to different transmission points, e.g. DPS, it’s possible the channel condition for above mentioned transmission point can be different in a large extent, hence the larger different for SINR between the different CSI processes. A third example is that different CSI processes may correspond to different configuration of CoMP CS/CB. Depending on the eNB scheduling, if there is still left mutual interference, it results in a medium SINR; or eNB is capable to minimize the interference, the SINR can also be very high. 
In summary, there exists large difference on SINR for different CSI processes. A worse CSI process may be better to use legacy CQI table. While, a much better CSI process may be configured with new CQI table supporting 256QAM. By this way, eNB can collect two folds information, fine granularity for QPSK support for a worse CSI process and available 256QAM information for the better CSI process. Then, basing on all CSI information and other considerations, eNB can decide the exact transmission scheme for downlink data and allocate physical resource based on the CSI for the related CSI process. 
Proposal 2: 

· Per CSI process configuration on CQI table for 256QAM support is adopted.
4 MCS table linked to PQI field
Following the analysis on section 3, in additional to CSI process based CSI feedback, PQI based downlink data transmission is specified in Rel-11 CoMP. PQI is 2-bit information in DL grant. Hence, a UE can be configured with up to four PQIs, and each PQI may have its own assumption on transmission point and interference scenario. Similar to the analysis in section 3 on CSI processes, a PQI may imply a much better SINR than other PQI(s). 
A PQI with worse SINR may be suitable for legacy MCS table. While, a PQI linked to much better SINR may be configure with new MCS table supporting 256QAM. By this way, based on UE’s reported CSI information for different CSI process, eNB control the PQI currently selected for PDSCH transmission. A PQI with legacy MCS table can have a fine granularity for small TB size support, and a PQI implying new MCS table with 256QAM support can maximizing the peak data rate. 
Proposal 3: 

· Per PQI configuration on MCS table for 256QAM support is adopted.
5 Conclusions
This contribution discusses several user cases that new CQI/MCS table may not be suitable for transmission, and proposes different signaling/procedure to configure CQI/MCS table supporting 256QAM. The following proposals are made:
Proposal 1: 

· Per subframe set configuration on CQI table for 256QAM support is adopted.
Proposal 2: 

· Per CSI process configuration on CQI table for 256QAM support is adopted.
Proposal 3: 

· Per PQI configuration on MCS table for 256QAM support is adopted.
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Annex A: Simulation assumtions
	Parameter
	Value

	General
	Parameters and assumptions not explicitly stated here according to 3GPP specifications

	Duplex method
	FDD

	Bandwidth
	10 MHz 

	Cellular Layout
	SCE scenario 1 + eICIC Config

	
	4Pico cell/macro coverage 

	UE drop
	10/macro; 5/pico

	eICIC Config
	CRE bias(6 dB) and ABS(2/10)

	Handover margin
	3dB

	Downlink transmission scheme
	TM10 2x2, SU-MIMO

	
	Rank adaptation between Rank 1 and Rank 2

	Downlink scheduler
	PF scheduler with TDM scheduling

	Downlink link adaptation
	RI, CQI and PMI 5ms feedback period

	
	Wideband CQI feedback

	
	6ms delay total

	
	MCSs based on different simulation assumptions

	Antenna Configuration
	eNB/RRH: 2Tx

	
	UE: 2Tx

	
	Cross-polarized antenna is used at both eNB and UE side

	
	

	Traffic model
	Full Buffer

	Link error prediction technique
	Outer-loop control based on ACK/NACK report

	Channel Estimation
	Non-ideal channel estimation.

	HARQ
	On

	PDCCH symbol
	3
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