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1 Introduction
In RAN4 meeting #70bis, the work plan was approved [1] and the discussion on the demodulation performance requirements for small cell enhancement was triggered [2]. According to the work plan, for the demodulation performance part, RAN4 should discuss the following topics in this meeting:

· Demodulation part:
· Evaluate and agree on the impact of 256QAM on CSI core part based on the outcome of RAN1
· Discuss the framework and simulation assumptions for demodulation performance requirements;
· Discuss the framework and simulation assumptions for CSI requirements;
In [2] we proposed to verify the demodulation performance corresponding to the fundamental changes of UE implementation and/or the performance under the typical scenarios or use cases. In our opinion, the fundamental changes include soft-decision decoding with 256QAM new constellation, support of link adaptation with the new CQI/MCS/TBS tables, support of peak data rate for new UE categories with 256QAM, and the MIMO equalizer supporting 256QAM.

So in our view the main test purpose for 256QAM demodulation performance and CSI requirements are [2]:

· 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.
In Appendix, the main progresses on 256QAM after RAN1 meeting #76bis were summarized. Based on them, in this contribution, we will focus on the further evaluation of the impact of 256QAM on demodulation performance requirements.

2 Discussion of impact on demodulation performance requirements
2.1 General discussion
According to the discussion in the small cell enhancement, there is no change of the control channel. So it seems obvious that no new demodulation performance requirements for the control channel are needed.
· Proposal 1: no new requirements for the control channels including PDCCH/PCFICH, EPDCCH, PHICH, and PBCH are needed for the WI of small cell enhancement.

2.2 Demodulation performance requirements under fading channel
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 propagation conditions. 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 1×2 and 2×2 antenna configuration. 
Next like the discussion in other topics, we should decide what kinds of test cases will be specified including the transmission modes. One way to do that is to review the existing 64QAM demodulation test cases. In Table 1, we list all the existing 64QAM FRC demodulation performance requirements based on TS36.101 c.3.0.
Table 1: Demodulation performance requirements with 64QAM (FDD)
	Sub-clause
	Description

	8.2.1.1, Test 9~15
	TM1, 3MHz ~ 20MHz 64QAM 3/4, EVA5 or ETU70, single carrier, 1×2 Low or 1×2 High

	8.2.1.3.1 Test 3, Test 4
	TM3, 10MHz, 64QAM 1/2, EVA200 or ETU300, single carrier, 2×2 Low (high Doppler test case)

	8.2.1.3.1A Test 2, 5, 6, and 7
	TM3, 2x20MHz…, 64QAM 0.39, EVA5, CA soft buffer test, 2×2 Low

	8.2.1.4.2 Test 1
	TM4, 10MHz, 64QAM 1/2, EPA5, single carrier, multiple layer, 2×2 Low

	8.2.1.4.3 Test 1
	TM4, 10MHz, 64QAM 1/2, EPA5, single carrier, multiple layer, 4×2 Low

	8.2.1.7.1 Test 1
	TM1 PCell, 2×20MHz, 64QAM 0.84, CA power imbalance, 1×2 AWGN

	8.3.1.1 Test 2
	TM9, 10MHz , 64QAM 1/2, single carrier, single layer, 2×2 Low

	8.3.1.3.1 and 8.3.1.3.2
	TM10, 10MHz, 64QAM 1/2, performance requirements for DCI format 2D and non QCL


Table 2: Demodulation performance requirements with 64QAM (TDD)

	Sub-clause
	Description

	8.2.2.1, Test 9~15
	TM1, 3MHz ~ 20MHz 64QAM 3/4, EVA5 or ETU70, single carrier, 1×2 Low or 1×2 High

	8.2.2.3.1 Test 3, Test 4
	TM3, 10MHz, 64QAM 1/2, EVA200 or ETU300, single carrier, 2×2 Low (high Doppler test case)

	8.2.2.3.1A Test 2
	TM3, 2x20MHz…, 64QAM 0.39, EVA5, CA soft buffer test, 2×2 Low

	8.2.2.4.2 Test 1
	TM4, 10MHz, 64QAM 1/2, EPA5, single carrier, 2×2 Low

	8.2.2.4.3 Test 1
	TM4, 10MHz, 64QAM 1/2, EPA5, single carrier, 4×2 Low

	8.2.2.7.1 Test 1
	TM1 PCell, 2×20MHz, 64QAM 0.84, CA power imbalance, 1×2 AWGN

	Table 8.3.2.1-2 Test 3
	TM7, 10MHz, 64QAM 3/4, EPA5, single carrier, 2×2 Low

	Table 8.3.2.1-4 Test 3, 4, 5
	TM8, 10MHz, 64QAM 3/4 or 1/2, EPA5, single carrier, 2×2 Low or 2×2 Medium

	8.3.2.1A Test 2
	TM9, 10MHz, 64QAM 1/2,  single carrier, single layer with interference, 2×2 Low

	8.3.2.4.1 and 8.3.2.4.2
	TM10, 10MHz, 64QAM 1/2, performance requirements for DCI format 2D and non QCL


Test case design
Firstly, in our view, both CRS based transmission modes and DMRS based transmission modes should be taken into account. Based on the possible deployment scenario for small cell and RAN4 experiences, it would be reasonable to first consider TM1, TM3, TM4, TM8 and TM9. Regarding TM10 CoMP test, we would like to further discuss whether RAN4 should define such kind of requirements together with CRS-IC + 256QAM test cases.
Secondly, both the single layer and multiple layer transmission should be considered. The single layer transmission may correspond to the scenario where the small cell eNB with 1-Tx is deployed or the scenario where the channel correlation level is high. The multiple layer tests correspond to the scenario where the channel correlation is low and SNR is high, and serve as the stress tests.
Thirdly, testing the 256QAM performance under CA configurations would be beneficial to guarantee the UE performance on each CC. The downside would be to increase the test burden. And in order to obtain the good test coverage, it is difficult to select just one bandwidth combination to define the test and the multiple bandwidth combinations have to be considered. Thus the 256QAM requirements under CA configuration would be complex. However, in order to ensure the good CA capable UE performance, we still think one 256QAM+CA requirements should be useful.
And whether the new power imbalance test should be introduced for 256QAM will depend on the decision whether or not the new image rejection requirements will be introduced for 256QAM in RF session.
Reference channel
Although there is no final decision on TBS/MCS tables for 256QAM, it was agreed that 256QAM 4/5 will be used as the reference channel for UE maximum input level requirement for 256QAM, which approaches the medium coding rate among all the 256QAM MCS to be specified.
So it would be feasible to agree on 256QAM 4/5 for the further evaluation in principle and then after RAN1 finalizes the specification we can select the TBS under given PRBs which is the most close to 4/5.
Bandwidth
For the single carrier based 256QAM requirements, 10MHz would be the best choice, since until now almost all the bands support 10MHz except for Band 31.
For Band 31, 5MHz test cases should be considered.
UE categories that the test cases will applied to and partial PRB allocation
The other issue is that we specify the applicable UE categories for each 256QAM tests, and we should also pay attention to whether the specified TBS will beyond the capability of a given UE category.
According to RAN1 discussion, it seems that most companies proposed that 256QAM will be supported in existing UE categories 3~10 with the increased maximum TBS-s each TTI. And the new UE category for 256QAM will be specified.
So it seems to be agreeable that the new 256QAM demodulation requirements will be applied to UE category 3~10 and there would be no big problem that TBS will be beyond the UE capability.
Summary
· Proposal 2: in Table 3 and Table 4, we summarize our proposed test cases under fading channels for the group to further discuss.
Table 3: Proposed 256QAM demodulation performance requirements (FDD)

	Test Num
	TM
	FRC
	Propagation condition
	Antenna and correlation
	Bandwidth
	UE category

	1
	TM1
	256QAM 4/5
	EPA5
	1×2 Low
	10MHz
	≥ 3

	
	TM1
	256QAM 4/5
	EPA5 
	1×2 Low
	5MHz
	≥ 3

	2
	TM3
	256QAM [4/5]
	EPA5
	2×2 Low
	10MHz
	≥ 3

	
	TM3
	256QAM [4/5]
	EPA5
	2×2 Low
	5MHz
	≥ 3

	3
	TM4 dual-layer
	256QAM [4/5]
	EPA5
	2×2 Low
	10MHz
	≥ 3

	4
	TM9 1-layer
	256QAM 4/5
	EPA5
	2×2 Low or 2×2 high
	10MHz
	≥ 3

	5
	TM9 1-layer
	256QAM [4/5]
	EPA5
	2×2 Low
	10MHz
	≥ 3

	6
	TM3 CA test
	256QAM [4/5]
	EPA5
	2×2 Low
	FFS
	≥ 3


Table 4: Proposed 256QAM demodulation performance requirements (TDD)

	Test Num
	TM
	FRC
	Propagation condition
	Antenna and correlation
	Bandwidth
	UE category

	1
	TM1
	256QAM 4/5
	EPA5
	1×2 Low
	10MHz
	≥ 3

	
	TM1
	256QAM 4/5
	EPA5 
	1×2 Low
	5MHz
	≥ 3

	2
	TM3
	256QAM [4/5]
	EPA5
	2×2 Low
	10MHz
	≥ 3

	
	TM3
	256QAM [4/5]
	EPA5
	2×2 Low
	5MHz
	≥ 3

	3
	TM4 dual-layer
	256QAM [4/5]
	EPA5
	2×2 Low
	10MHz
	≥ 3

	4
	TM9 1-layer
	256QAM 4/5
	EPA5
	2×2 Low or 2×2 high
	10MHz
	≥ 3

	5
	TM9 1-layer
	256QAM [4/5]
	EPA5
	2×2 Low
	10MHz
	≥ 3

	6
	TM8 1-layer
	256QAM 4/5
	EPA5
	2×2 Low or Medium
	10MHz
	≥ 3

	7
	TM3 CA test
	256QAM [4/5]
	EPA5
	2×2 Low
	FFS
	≥ 3


2.3 New UE category and sustained data rate tests
As discussed above, currently RAN1 is working on updating the existing UE categories and specify the new UE categories. For the new defined UE categories, the new sustained data rate test shall be specified. 
For the updated UE categories, i.e., UE category 3-10, it seems straightforward that the new sustained data rate tests with the increased TBSes due to support of 256QAM should be specified. But this way may lead to the huge amount of specification work, since the existing sustained data rate test with PDCCH scheduling and EPDCCH scheduling under single carrier mode and CA mode for different bandwidth combinations should be updated.
However, there seems no good way to avoid such kind of work. The good news would be that the simulation will be conducted under AWGN such that the simulation time would be short, and main work would be to specify the multiple reference channels for the different cases.
· Observation 1: if the existing UE categories are updated with the increased TBS by supporting 256QAM, the new sustained data rate tests with support of 256QAM should be specified for UE category 3~10.
2.4 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. 
According the agreement in the last RAN4 meeting (RAN4 meeting #70bis), the acceptable EVM value for eNB is [3~4]%. So we propose the same value for the demodulation requirements.

· Proposal 3: The Tx EVM assumed for 256QAM demodulation performance requirements should be aligned with the EVM requirements specified for eNB supporting 256QAM.
2.5 L1 on/off procedure
The other topic that RAN4 should considered would be whether the new CSI requirements should be specified to verify the UE CSI measurement accuracy on SCell during the L1 on/off operation, if the new reference signal structure was specified for “off” stage of small cell.

By using L1 on/off procedure, the SCell could be activated/de-activated quickly. And during “off” stage the reference signal should be transmitted for UE to maintain the time and frequency tracking and CSI measurement. To verify the correct UE behaviour and performance to support that mechanism, the new requirements might be needed.

2.6 Other use cases
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. 

3 Conclusions and proposals

In this contribution, we try to provide more detailed analysis on 256QAM demodulation requirements. We summarize our proposals and observations as follows.
· Proposal 1: no new requirements for the control channels including PDCCH/PCFICH, EPDCCH, PHICH, and PBCH are needed for the WI of small cell enhancement.

· Proposal 2: in Table 3 and Table 4, we summarize our proposed test cases under fading channels for the group to further discuss.

Table 3: Proposed 256QAM demodulation performance requirements (FDD)

	Test Num
	TM
	FRC
	Propagation condition
	Antenna and correlation
	Bandwidth
	UE category

	1
	TM1
	256QAM 4/5
	EPA5
	1×2 Low
	10MHz
	≥ 3

	
	TM1
	256QAM 4/5
	EPA5 
	1×2 Low
	5MHz
	≥ 3

	2
	TM3
	256QAM [4/5]
	EPA5
	2×2 Low
	10MHz
	≥ 3

	
	TM3
	256QAM [4/5]
	EPA5
	2×2 Low
	5MHz
	≥ 3

	3
	TM4 dual-layer
	256QAM [4/5]
	EPA5
	2×2 Low
	10MHz
	≥ 3

	4
	TM9 1-layer
	256QAM 4/5
	EPA5
	2×2 Low or 2×2 high
	10MHz
	≥ 3

	5
	TM9 1-layer
	256QAM [4/5]
	EPA5
	2×2 Low
	10MHz
	≥ 3

	6
	TM3 CA test
	256QAM [4/5]
	EPA5
	2×2 Low
	FFS
	≥ 3


Table 4: Proposed 256QAM demodulation performance requirements (TDD)

	Test Num
	TM
	FRC
	Propagation condition
	Antenna and correlation
	Bandwidth
	UE category

	1
	TM1
	256QAM 4/5
	EPA5
	1×2 Low
	10MHz
	≥ 3

	
	TM1
	256QAM 4/5
	EPA5 
	1×2 Low
	5MHz
	≥ 3

	2
	TM3
	256QAM [4/5]
	EPA5
	2×2 Low
	10MHz
	≥ 3

	
	TM3
	256QAM [4/5]
	EPA5
	2×2 Low
	5MHz
	≥ 3

	3
	TM4 dual-layer
	256QAM [4/5]
	EPA5
	2×2 Low
	10MHz
	≥ 3

	4
	TM9 1-layer
	256QAM 4/5
	EPA5
	2×2 Low or 2×2 high
	10MHz
	≥ 3

	5
	TM9 1-layer
	256QAM [4/5]
	EPA5
	2×2 Low
	10MHz
	≥ 3

	6
	TM8 1-layer
	256QAM 4/5
	EPA5
	2×2 Low or Medium
	10MHz
	≥ 3

	7
	TM3 CA test
	256QAM [4/5]
	EPA5
	2×2 Low
	FFS
	≥ 3


· Observation 1: if the existing UE categories are updated with the increased TBS by supporting 256QAM, the new sustained data rate tests with support of 256QAM should be specified for UE category 3~10.
· Proposal 3: The Tx EVM assumed for 256QAM demodulation performance requirements should be aligned with the EVM requirements specified for eNB supporting 256QAM.
Furthermore, we propose to consider CRS-IC together with 256QAM requirements and to have further discussion on whether and how to verify UE implementation for L1 on/off procedure.
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5 Appendix: updated RAN1 progresses after RAN1 meeting #76bis (RAN4 #70bis)

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

For the 256QAM CQI/MCS/TBS table design, the agreements are summarized according to [3~6] that:

· CQI Table

· Switching point of 64QAM and 256QAM should be CQI 15 in the existing table

· The modulation order of existing CQI 15 is changed to 256QAM

· Working assumption: down-sample low CQI entries by removing 3 QPSK entries, and add 3 new entries for 256QAM region

· Revisit if problems if significant issues are found

· The 3 entries to be removed are either {#1, #3, #5} or {#2, #4, #6} 

· The last 4 entries will be for 256QAM, but the actual SE is FFS

· Order the CQI indices in the Rel-12 CQI table according to the spectral efficiencies
· CQI #0 to be equalled to out of range
· TBS table

· Define overhead assumption(s) (REs/PRB) for PDSCH 
· Use 120 REs per PRB for all 256QAM spectral efficiencies except for the highest spectral efficiency 
· Use 136 REs per PRB for the highest spectral efficiency 
· Limit the number of new TBS values as much as possible
· 256QAM is supported for up to 8-layer PDSCH transmissions
· The new transport block sizes introduced in the specification should follow the Rel-8 principle of QPP size alignment
· MCS table

· 7 explicit MCS entries for 256QAM 

· As a working assumption, the # of implicit entries is 4 (for QPSK, 16/64/256QAM re-transmissions) 

· Revisit if significant issues are found
· Modulation and TBS table design should provide the support of all the VoIP TBS at least for Format 1A, FFS for Format 2x
For the 256QAM configuration, it was agreed in [3~6] that

· 256QAM PDSCH scheduling is only supported for C-RNTI based PDSCH transmissions 
· Use of 256QAM MCS/CQI table can be configured for each configured CC
· DCI format 1A and DCI format 1C are associated with the legacy MCS table, i.e., not supporting 256QAM PDSCH scheduling 

· For all other DCI formats scheduling PDSCH, 256QAM can be supported
· 256QAM is supported for all TMs
· FFS whether or not 256QAM is supported for PMCH transmissions
· 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 

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