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1. Introduction

In RP #71 a WI was approved in [1] on uplink capacity enhancement for LTE. The main objective of the WID mainly focus on UL 256QAM and PUSCH special subframe:
	· Introduce new MCS table and signalling to support 256QAM in UL [RAN1]

· Define applicable RRC signalling, UE capability and potential new UE categories [RAN2, RAN1]

· Introduce RF requirements for single carrier and for carrier aggregation on both licensed and unlicensed spectrum [RAN4]

In addition the work item shall specify support UL PUSCH in special subframe. The detailed work starts from Q3 2016 the objectives are:

· UL support of PUSCH transmission in special subframe [RAN1]

· Specify mechanism for supporting PUSCH transmission in special subframe with DwPTS of 6 OFDM symbols, GP of 2 OFDM symbols. [RAN1, RAN2]
· Introduce applicable RF requirements [RAN4]
· Backward compatibility with legacy UEs is maintained


From demodulation perspective, RAN4 needs to specify the necessary base station performance requirements to support UL 256QAM operations, as well as the necessary base station performance requirements to support UL PUSCH in special subframe operations.  In this contribution, we provide analysis on the potential demodulation impact of this WID.
2. Overview
The latest SR can be found in [2], in which the latest agreements from RAN1, RAN2 and RAN3 were captured. In summary the completed elements are informatively provided as follow:
	· UL 256QAM

· Introduce new MCS table and signalling to support 256QAM in UL

· Decisions of applicable RRC signalling, UE capability and new UE categories to support UL 256QAM

· EVM of UL 256QAM

· Introduce MPR and A-MPR requirements for single carrier and for carrier aggregation on both licensed and unlicensed spectrum

· UE capability per band support of UL 256QAM

· PUSCH in UpPTS

· UL support of PUSCH transmission in special subframe
· Specify mechanism for supporting PUSCH transmission in special subframe with DwPTS of 6 OFDM symbols, GP of 2 OFDM symbols.

· Introduced a new special subframe configuration 10

· Support TTI bundling for TDD configuration 2 and 3 when supporting of PUSCH in UpPTS


Currently, uplink demodulation requirements can cover only up to 64QAM as can be seen in TS36.104. Thus new demodulation test should be introduced to verify UL 256QAM performance. As for PUSCH in UpPTS, we also need to specify corresponding requirement to verify this new functionality. However, for TTI bundling in UpPTS supported in the new special subframe configuration 10, we think there is no need to introduce new test since TTI bundling functionality has been tested. The performance of TTI bundling can be verified by normal PUSCH test because the key to be verified is channel estimation and CC/IR combination of different redundant transmission versions. Here we propose:

Proposal 1: new demodulation requirements should be introduced to support UL 256QAM and PUSCH in UpPTS.

Proposal 2: specific demodulation requirements for TTI bundling in UpPTS are unnecessary.
3. UL 256QAM

In this section, we provide analysis on potential demodulation requirements which need to be introduced for UL 256QAM according to existing TS36.104 performance requirements.

Table 1 performance requirements for UL 256QAM

	Performance requirements
	Whether new requirements are needed
	Comments

	8.2.1 Requirements in multipath fading propagation conditions
	Y
	New performance requirements are needed to verify the minimum required throughput for UL 256AQM.

	8.2.2 Requirements for UL timing adjustment
	N
	The functionality has already been verified by legacy requirements.

	8.2.3 Requirements for high speed train
	N
	Low speed scenario is expected, e.g. indoor scenario.

	8.2.4
Requirements for HARQ-ACK multiplexed on PUSCH
	N
	The functionality has already been verified by legacy requirements

	8.2.5
Requirements for PUSCH with TTI bundling and enhanced HARQ pattern
	N
	The purpose of the test is to verify the coverage enhancement feature for FDD only introduced in Rel-12. Unrelated to UL 256QAM performance.

	8.2.6
Enhanced performance requirement type A in multipath fading propagation conditions with synchronous interference
	N
	The fundamental algorithm and implementation for Type-A is the interference correlation estimation and MMSE-IRC interference suppression, which has been verified via 16QAM and QPSK tests. There is no need to duplicate the tests.

	8.2.7
Requirements for PUSCH supporting Cat-M1 UEs
	N
	Out of the scope of the WID

	8.3
Performance requirements for PUCCH
	N
	Unrelated

	8.4
Performance requirements for PRACH
	N
	Unrelated

	8.5
Performance requirements for Narrowband IoT
	N
	Unrelated


According to Table 1, RAN4 needs to introduce requirements in multipath fading propagation conditions for UL 256QAM. 
Proposal 3: RAN4 is to specify UL 256QAM requirements in multipath fading propagation conditions.

3.1. Test parameters
In this section we propose some preliminary values for test parameter.
Table 2 test parameters for UL 256QAM
	Parameters
	Value
	Comments

	Maximum number of HARQ transmissions
	4
	Legacy

	RV sequence
	0, 2, 3, 1, 0, 2, 3, 1
	Legacy

	Uplink-downlink allocation for TDD
	Configuration 1 (2:2)
	Legacy

	Tx number
	1
	2 Tx is to verify channel equalization. The functionality and performance has been verified by UL-MIMO 2-layer tests specified in 8.2.1.1 of TS36.104. Besides, the operating SNR for 256QAM with 2-layer UL-MIMO will be very high and it is difficult to have feasible test point.

	Rx number
	2, 4, 8
	Legacy

	CP type
	Normal
	

	Propagation conditions and correlation matrix 
	EPA 5Hz Low
	Low speed scenario

	Target coding rate
	TBD
	Refer to DL 256QAM FRC requirements

	FRC
	New pattern
	

	Bandwidth
	1.4MHz, 3MHz, 5MHz, 10MHz, 15MHz, 20MHz
	Legacy

	Maximum throughput
	70%
	Legacy


Proposal 4: consider Table 2 as test configuration for UL 256QAM.
4. PUSCH in UpPTS 
Another new feature in this WI is to support PUSCH transmission in UpPTS on top of the application of additional SRS transmission in special subframe introduced in Rel-13 to better utilize all available uplink spectrum resource in TDD system. From RAN4 perspective, new performance requirements are needed to verify this new functionality. According to RAN1 progress, RAN1 has already specified mechanism for supporting PUSCH transmission in special subframe with DwPTS of 6 OFDM symbols, GP of 2 OFDM symbols. On top of this there are only limited OFDM symbols available for PUSCH in this special subframe. Therefore, RAN4 needs to verify the channel estimation performance with such limited OFDM symbols. However, in order to avoid duplication of work done in other work item, we don’t need to go through all the existing PUSCH performance test again. A simple way to minimize the number of test cases is to design a test that can verify both UL 256QAM and PUSCH in UpPTS. Another way is to test UL 256QAM and PUSCH in UpPTS separately. 
Proposal 5: consider following options for PUSCH in UpPTS testing:
Opt 1: test PUSCH in UpPTS with UL 256QAM
Opt 2: test PUSCH in UpPTS separately.
5. Work plan
According to [1], there are four meetings left to complete the performance of the WI. Following is the proposed work plan:

RAN4 #82 (Feb): overview, agree on test list

RAN4 #82bis (Apr): agree on simulation assumption

RAN4 #83 (May): align simulation results from companies
RAN4 #84 (Aug): agree CRs on demodulation requirements for UL capacity enhancement
6. Conclusions

In this contribution we provide discussion on demodulation requirements for UL capacity enhancement. After discussion the following proposals are made:
Proposal 1: new demodulation requirements should be introduced to support UL 256QAM and PUSCH in UpPTS.
Proposal 2: specific demodulation requirements for TTI bundling in UpPTS are unnecessary.
Proposal 3: RAN4 is to specify UL 256QAM requirements in multipath fading propagation conditions.
Proposal 4: consider Table 2 as test configuration for UL 256QAM.
Proposal 5: consider following options for PUSCH in UpPTS testing:
Opt 1: test PUSCH in UpPTS with UL 256QAM

Opt 2: test PUSCH in UpPTS separately.
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