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1 Introduction
In RAN1 meeting #76, the good progresses were made on small cell enhancement [1~3]. And in RAN plenary meeting #63, 0.125 TU was allocated for RAN4 RRM and demodulation performance discussion. In this contribution, we would like to trigger the discussion about the impact of the small cell enhancement on the demodulation performance requirements.
In RAN1 three aspects were discussed for the small cell enhancement:

· Higher order modulation: 256QAM;

· Small cell on/off and discovery;
· RIBS.
Among those three aspects, the second and third ones would mainly be related to RRM specification, while the higher order modulation would be relevant for the demodulation performance requirements. Besides, since 256QAM is introduced for downlink, it seems that there is no impact on BS performance requirements. Therefore, we will focus on UE demodulation and CSI requirements for 256QAM.
2 Discussion
2.1 Overview of 256QAM
The RAN1 progresses on 256QAM are shown in Annex I. And in Table 1 we list the possible changes in RAN1 for 256QAM and correspondingly analyze the impacts on UE implementations.
Table 1: RAN1 changes and the impacts on UE implementation with the introduction of 256QAM
	RAN1 changes
	Impact on UE implementation

	New 256QAM constellation
	New demodulation scheme for 256QAM

	New additional CQI/MCS/TBS tables: 

256QAM capable UE needs to support this new ones as well as the legacy tables, which is configurable
	New CSI reporting and link adaptation scheme in addition to the legacy schemes

	New UE category which uses 256QAM to reach peak data rate
	Larger soft buffer and improved Rx EVM


When designing the new RAN4 requirements for 256QAM, the following principles should be taken into account:
· The new requirements should verify the performance corresponding to the fundamental changes of UE implementation;
· The new requirements should guarantee the system performance under the typical scenarios or use cases.
2.2 Fundamental impacts on UE implementation 

In our opinion, the fundamental changes of UE implementation include:
· Soft-decision decoding with 256QAM new constellation;
· Support of link adaptation with the new CQI/MCS/TBS tables for 256QAM: new thresholds for mapping SNR to CQI;
· UE Rx EVM and support of peak data rate for the new UE categories with 256QAM;
· Structure of MIMO equalizer supporting 256QAM.
Below we will further elaborate on the above bullets. 
Firstly, the new 256QAM CQI/MCS tables will be evolved based on the Rel-8 CQI/MCS tables by removing some entries from Rel-8 tables and adding the new ones for 256QAM. So the 256QAM capable UE should not only utilize 256QAM CQI indices specified in the new tables, but also needs to change the effective-SNR-to-CQI mapping scheme for the other CQI calculation where QPSK and 16QAM would be used. As a result, the new CQI definition requirements would be needed. 
Furthermore, for the existing fixed reference channels (FRC) in TS36.101, it should be clarified that those FRC-s are based on Rel-8 CQI/MCS/TBS tables and the new reference channels will be introduced based on the new tables with 256QAM.
Secondly, with the introduction of 256QAM, the new UE categories would be added. Correspondingly the new sustained data rate tests would be designed to verify the peak data rate from Layer 1 to Layer 2. Meanwhile, the Rx EVM can also be verified since the required SNR for 256QAM to reach 85% relative throughput with the largest TB size and without impairments would be much larger than 20dB according to RAN1 evaluation.
Thirdly, RAN4 should decide the assumption of the reference receiver. If R-ML (reduced maximum likelihood), SLIC (symbol level interference cancellation), or CWIC (codeword interference cancellation) were assumed, the introduction of 256QAM would significantly impact the algorithm and implementation. Although there would be performance gain in some scenarios, the UE complexity will increase too much. So we propose to use MMSE receiver as the reference receiver when no interference is explicitly modelled and MMSE-IRC receiver as reference receiver when the interference is explicitly modelled.
2.3 Typical use cases
Firstly, according to RAN1 simulation, the utilization of 256QAM needs the good propagation conditions. So we will focus on the high SNR and low delay spread scenario. Secondly, because in the current stage 256QAM may mainly be used for small cell (medium range BS may also be considered), we could prioritize the 2×2 antenna configuration. Thirdly, based on the practical deployment and the RAN4 standard experiences, we think that among all the transmission modes TM3, TM4, TM8, TM9 and TM10 would be more popular. So when specifying the 256QAM performance requirements, we suggest focusing on those transmission modes.
In sum, it seems reasonable to prioritize the following use cases for 256QAM performance requirements:
· Transmission modes: TM3, TM4, TM8, TM9 and TM10 (if needed);

· Propagation conditions: low delay spread, low Doppler spread, and high SNR, e.g., EPA5.
· Antenna configuration: 2×2.
2.4 Other use cases
Besides, another aspects what we want to discuss is whether we should consider the combination of 256QAM with other features.
Firstly, CRS-IC or CRS colliding scenario would be beneficial for 256QAM capable UE to improve the performance. Similar to 64QAM, the performance of 256QAM demodulation would be sensitive to the interference. In some scenario, although no data are transmitted from the neighbour cell, the CRS is. Removing the CRS may increase the opportunity to utilize 256QAM and thus to improve the system capacity. 
Secondly, in TM10 whether use of 256QAM MCS table can be configured for the parameter set linked to each PQI field in DCI format 2D is under discussion in RAN1. So we can say that 256QAM can be supported together with CoMP. 
For CoMP QCL Type-B configuration, since there is timing and/or frequency difference between the different transmit points, UE needs properly adjust the FFT window and correctly makes the compensation of timing offset and frequency shift. The demodulation performance with 256QAM would be sensitive to the compensation effect. Thus it seems necessary to consider TM10 QCL test for 256QAM. And besides the functionality test to verify 256QAM MCS table configuration would also be needed depending on RAN1 final decision.
Thirdly, regarding the verification of the functionality of CA with 256QAM, the sustained data rate test for the new UE categories could be used depending on RAN1 final decision about UE categories.
2.5 CSI core part
The framework and test metric for 256QAM CSI reporting requirements belong to the core part. So we propose firstly to focus on the evaluation of the impact of 256QAM on the CSI core part.

2.6 Tx EVM
The assumption of Tx EVM for the existing demodulation performance requirements is 6%. But for the 256QAM demodulation performance requirements, it should be changed to be aligned with the BS Tx EVM requirements. Otherwise the performance of 256QAM would be quite bad. 
3 Conclusions and proposals

In this contribution, we trigger the discussion to specify the demodulation performance and CSI requirements for the support of 256QAM. In this initial stage, we propose that the following test purpose should be considered when design the requirements:
· Proposal  1: it is proposed that the main purposes of new 256QAM demodulation performance and CSI requirements are:
· To verify the demodulation performance using 256QAM reference channel under the typical use cases;
· To verify the link adaptation performance following the new CQI/MCS/TBS tables, e.g., CQI definition test and RI test;
· To verify the support of peak data rate for the new UE categories, i.e., sustained data rate tests.
· Proposal 2: for 256QAM demodulation and CSI requirement, RAN4 should firstly focus on the evaluation of the impact of the introduction of 256QAM on the CSI core part.
And the requirements for CRS-IC +256QAM and CoMP + 256QAM could be deferred a bit such that RAN4 can ensure to complete the basic performance requirements under the typical use cases in time.
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5 Annex: RAN1 progresses

The good progresses were made in RAN1 on 256QAM, which are provided below.

For the 256QAM CQI/MCS/TBS table design, it was agreed in [1] that:

· CQI table 

· Support SE in the entire range from X1 bps/Hz to X2 bps/Hz 

· Down-sample low CQI entries by removing Y1 entries, and add Y1 new entries for 256QAM region with even spacing 

· CQI  #0 to be equaled to out of range 

· Switching point of 64QAM and 256QAM should be CQI Z (Z=14 or 15 in the existing table) 

· FFS the positions of the CQI entries in the Rel-12 CQI table – to be decided between the following two options
· Option1: order the CQI indices according to the spectral efficiencies]
· Option2: keep the CQI indices the same for the common CQIs between Rel-8 and Rel-12 CQI table
· Modulation and TBS index table 

· Definition of N (N=3 or 4) reserved entries for adaptive retransmission 

· Modulation and TBS table design should provide the support of all the VoIP TBS at least for Format 1A, FFS for Format 2x 

· The need of overlapping spectral efficiency of different modulations is  FFS 

· FFS the position of Modulation and TBS entries in the Rel-12 Modulation and TBS table 

· TBS table 

· Reuse as many as possible of current TBS entries with up to around [2%] average padding aligned with Rel-10 design

· Define overhead assumption(s) (REs/PRB) for PDSCH 

· Working assumption: Use [120 REs] per PRB for all new spectral efficiencies except for the highest spectral efficiency

· FFS: Overhead assumption for the highest spectral efficiency 

· The new transport block sizes introduced in the specification should follow the Rel-8 principle of QPP size alignment 

For the 256QAM configuration, it was agreed in [2] that

· Use of 256QAM MCS/CQI table can be configured for each configured CC

· 256QAM is supported for all TMs

· Working assumption: 256QAM is supported at least for all DCI formats except for DCI format 1A and 1C, and FFS for DCI format 1A

· In TM10

· FFS: Use of 256QAM MCS table can be configured for the parameter set linked to each PQI field in DCI format 2D

· FFS: Use of 256QAM CQI table can configured for each CSI process






