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1. Introduction

Since the WI proposal for Small Cell Enhancements was approved in 3GPP RAN plenary #62 meeting [RP-132073], great progress has been made during previous meetings. In RAN1, the following three aspects were the focuses of SCE WI.
Small Cell Enhancements – Physical Layer
· Higher order modulation
· Small cell on/off and discovery
· Radio interface based synchronization
With the discussion gradually expanded and deeper, newly introduced features/ procedures became clearer and more detailed, and the specification work for SCE performance part leaded by RAN4 began subsequently.
Up to RAN1 #77[Minutes Report RAN1#77], discussion focused on higher order modulation mainly lay in CQI/MCS/TBS table design and new UE category for 256QAM, which could have potential impacts on the specification of requirements for 256QAM demodulation and CSI reporting requirements.
Hence, the preliminary discussion on the performance requirements was initiated correspondingly in RAN4. At RAN4#70bis, the work plan for RAN4 work on Small Cell Enhancements [R4-142303] was approved. According to that, the following topics would be discussed in this meeting:
Demodulation Part

· Agree on the framework and simulation assumptions for demodulation performance requirements; 

· Agree on the framework and simulation assumptions for CSI requirements;

· Align the simulation results for demodulation performance requirements;

In this contribution, based on our previous work [R4-143152], and considering the current progress of RAN1 and RAN4, further analysis on demodulation requirements and CSI reporting requirements was provided to facilitate and progress SCE work in RAN4.
2. Demodulation and CSI requirements for 256QAM
In RAN4 #71 meeting, the discussion on the framework and simulation assumptions for demodulation performance requirements and CSI requirements was triggered according to the work plan [R4-142303].
Taking RAN1 agreements and the current progress of RAN4 into account, our consideration on these aspects would be elaborated in the following.
2.1 Potential impacts on demodulation
Transmission mode
From perspective of demodulation reference signal, 256QAM demodulation requirements should cover CRS based transmission mode and DMRS based transmission mode. From perspective of transmission layer number, both 1-layer and 2-layer may be investigated. Then, considering practical network and 256QAM working scenario, for CRS based demodulation test, TM2 with 1-layer and TM4 with 2-layer are suitable. And for DMRS based demodulation test, TM9 with 1-ayer is sufficient. 
Antenna and correlation correlation
Regarding antenna configuration, since multi-antenna is applied in most base stations, 2x2 antenna configuration should be first considered.
Based on the previous views, some considerations for channel spatial correlation can be provided. First, transmit diversity is mainly used in low correlation scenario, so TM2 1-layer test could define low correlation channel. Second, 2-layer transmit multiplexing with 256QAM has to work under low correlation as higher modulation order needs sufficient channel capacity. Thus, TM4 with 2-laer test should define low correlation channel. Third, 1-layer transmit multiplexing has no demand on correlation. But from aspect of test coverage, TM9 1-layer test could define low or/and high correlation channel. 
Propagation channel
256QAM demodulation needs a good channel conditions, we agree to use low speed and low delay spread propagation channel. EPA5 might be suitable for 256QAM demodulation.
Proposal1: The test coverage for 256QAM demodulation requirements is proposed in the following table.
Table 1 Test coverage for 256QAM demodulation
	Transmission mode
	Layer number
	Antenna and correlation
	Propagation condition

	TM2
	1
	2x2 Low
	EPA5

	TM4
	2
	2x2 Low
	EPA5

	TM9
	1
	2x2 Low or/and high
	EPA5


2.2 Potential impacts on CQI reporting
In Small Cell Enhancements Work Item, new CQI/MCS/TBS table was introduced for 256QAM. After RAN1#77 meeting in May, good progress was made on the table design, while the discussion is still under way. Take the agreements into consideration, the impacts on CQI reporting related issues would be analyzed in this section.
In RAN4#71 meeting, the WF document [R4-143840] on CSI requirements for SCE was approved, which indicated that
· For 256QAM CSI test, the existing test metrics for CQI reporting requirements can be re-used, namely there is no impact of 256QAM on CSI core part.

· Define the new CQI definition tests under AWGN to verify CQI reporting with the new CQI tables at multiple test points, e.g., high SNR test point and low SNR test point.

· No new PMI requirement is needed.

· Further studies are needed:

· Whether to define CQI reporting requirement in fading channel

· Whether to define the RI test

· Whether to introduce the CSI-RS based CQI tests for 256QAM

According to the way forward, the listed four aspects above for further study would be discussed in the following:
Due to introduction of 256QAM, the new CQI table is defined. New CQI table will impact CQI reporting performance. Further, CQI reporting with new CQI table will impact RI reporting because CQI is also reported in RI test. This also implies that the change of RI reporting performance is caused by new CQI definition reporting. So RI test for 256QAM is not significant. Moreover, RI reporting procedure involves single layer and dual layer CQI reporting cases. If CQI reporting with single layer and dual layer are both verified in AWGN CQI, RI test for 256QAM will not be necessary. Therefore, only CQI test, and no PMI and RI test, may be sufficient to verify the new CQI table.
Proposal2: Only CQI test, and no PMI and RI test, may be sufficient to verify the new CQI table.
Further, AWGN CQI test has been agreed in the way forward. This implies new CQI table will be verified under AWGN channel. Thus, in our opinion, it may not be necessary to test new CQI table in fading channel. 
Then, we give some analysis and proposals for AWGN CQI reporting requirements for new CQI definition as below.
Reporting mode and codeword number
From RAN4 existing CQI test cases, PUCCH1-0 with single codeword and PUCCH1-1 with dual codeword are used for AWGN CQI. And in AWGN CQI test, dual codeword is more used when multi-antenna is configured, except TM2 transmit diversity. Since two layers transmission will introduce interlayer interference, 256QAM demodulation will be impacted. This is different from single codeword. Thus, the rate of reported CQI Index under single codeword case and dual codeword case are also different. Hence, both PUCCH1-0 with single codeword and PUCCH1-1 with dual codeword should be tested for new CQI definition.
Measurement reference signal
New CQI definition can be reported based on CRS and CSI-RS measurement. It should be considered that test cases cover different measurement reference signals. So both CRS based reporting and CSI-RS based reporting should be defined for new CQI definition test.
Transmission mode
According to the existing AWGN CQI test cases, it can be summarized that:
· CRS based TM, single codeword: TM1, TM2
· CRS based TM, dual codeword: TM4
· CSI-RS based TM, dual codeword: TM9, TM10
As 256QAM demodulation requirements, 2x2 antenna configuration is considered for new CQI definition test. Based on the above transmission modes and RAN4 CQI test experience, for new CQI definition test under AWGN, CRS based TM test case can use TM2 with single codeword and TM4 with dual codeword and CSI-RS TM test case can use TM9 with dual codeword. 

Proposal3: New CQI definition tests under AWGN could define the following test cases:
· Test1: PUCCH1-0, single codeword, TM2, 2x2
· Test2: PUCCH1-1, dual codeword, TM4, 2x2
· Test3: PUCCH1-1, dual codeword, TM9, 2x2
3. Conclusion
In this contribution, several SCE potential impacts on RAN4 demodulation and CSI requirements are analyzed based on current progresses in RAN1. And according to the analysis, some proposals are provided as below:
Proposal1: The test coverage for 256QAM demodulation requirements is proposed in the following table.
Table 1 Test coverage for 256QAM demodulation
	Transmission mode
	Layer number
	Antenna and correlation
	Propagation condition

	TM2
	1
	2x2 Low
	EPA5

	TM4
	2
	2x2 Low
	EPA5

	TM9
	1
	2x2 Low or/and high
	EPA5


Proposal2: Only CQI test, and no PMI and RI test, may be sufficient to verify the new CQI definition.
Proposal3: New CQI definition tests under AWGN could define the following test cases:
· Test1: PUCCH1-0, single codeword, TM2, 2x2
· Test2: PUCCH1-1, dual codeword, TM4, 2x2
· Test3: PUCCH1-1, dual codeword, TM9, 2x2
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5. Appendix
RAN1 #77 Agreements on SCE – PHY – Higher Order Modulation

Design Details for 256QAM

· Gray mapping for 256QAM

· Adopt binary reflected Gray mapping for 256QAM shown as follows:
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· 256QAM CQI table

· Down-sample low CQI entries by removing 3 QPSK entries, and add 3 new entries for 256QAM region

· Working assumption
· Spectrum efficiency (SE) for the first 256QAM entry is 5.5547

· Spectrum efficiencies (SE) for the middle 256QAM entries are {6.2237, 6.9153}

· Spectrum efficiency (SE) for the last 256QAM entry is 7.4063

· The 3 QPSK entries to be removed are existing {#2, #4, #6}

· 256QAM MCS table

· Confirm the working assumption

· the # of implicit entries is 4

· Remove entries with overlapping spectral efficiency but different modulation orders

· Retain I_TBS=0

· Remove at least existing MCS entries {#1, #3, #5, #7, #9, #10, #17, #28}

· Working assumption
· Not to additionally remove any other MCS entry or entries 

· The positions of MCS indices are ordered based on spectral efficiency

· 256QAM CQI/MSC table configuration
· Working assumption
· For TM10, CQI table is common for all CSI processes and/or Rel-11 sub​frame measurement sets and MCS table is common for all PQI sets

· For TM1-9, 256QAM CQI table can be configured per each Rel-11 sub​frame measurement set

· Following CQI table is applied for 256QAM
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK 
	78 
	0.1523 

	2
	QPSK 
	193 
	0.3770 

	3
	QPSK 
	449 
	0.8770 

	4
	16QAM 
	378 
	1.4766 

	5
	16QAM 
	490 
	1.9141 

	6
	16QAM 
	616 
	2.4063 

	7
	64QAM 
	466 
	2.7305 

	8
	64QAM 
	567 
	3.3223 

	9
	64QAM 
	666 
	3.9023 

	10
	64QAM 
	772 
	4.5234 

	11
	64QAM 
	873 
	5.1152 

	12
	256QAM 
	711 
	5.5547 

	13
	256QAM 
	797 
	6.2266

	14
	256QAM 
	885 
	6.9141

	15
	256QAM 
	948 
	7.4063 


· Working assumption
· Non-highlighted TBS values in tables 4 and 5 in R1-142704

· 256QAM TBS table

· Same design principle is applied for TBS table used up to Rel-10

· Working assumption
· TBS entries for 256QAM is table 1 and table 2 in R1-142735

UE Category/Capability for 256QAM

· Introduce signalling to indicate UE support for 256QAM

· Whether or not the UE indicates support for 256QAM in a band specific or band agnostic manner should be decided by RAN4

· One new UE category with 256QAM is introduced

· ~4Gbps targeting 5CC, 8 layer MIMO with 256QAM

· “Total number of soft channel bits” [47 431 680 bits]

· FFS: Support existing UE categories or new UE category
