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1. Introduction

A new work item (WI) about UL MIMO with 64QAM was started at RAN#54 [1]. Some design aspects for UL MIMO with 64QAM have been discussed in the last meeting [2]. In this contribution we will discuss the impact of introducing higher order modulation with UL MIMO to RAN1 specifications.
2. Design aspects
The introduction of 64QAM in the uplink will mainly affect the physical layer. Here we outline the changes needed in 25.211--25.214 specifications to support UL 64QAM.
2.1 Impacts to 25.211
The impacts due to the introduction of 64QAM in uplink to 25.211 include two aspects: one is the E-DPCCH slot format and the other one is the E-DPDCH slot format. 

2.1.1 E-DPCCH design
More information has to be indicated in the E-TFCI field of E-DPCCH channel in order to support 64QAM in uplink, and this will result in an increase of the E-TFCI bits. A larger number of E-TFCI bits results in changing the E-DPCCH slot format. It is preferable to maintain the same slot format and the same number of E-TFCI bits, similarly to what was done when introducing 16QAM, the E-TFCI number of bits remains unchanged and a new E-TFCI table is designed by using a coarser granularity. The scheme can reuse the existing E-DPCCH physical slot format and reduce the complexity in decoding the E-DPCCH.
Proposal 1：Maintain the existing physical slot format of E-DPCCH and introduce a new E-TFCI table for UL 64QAM.
2.1.2 E-DPDCH slot format
As agreed 64QAM is only applied when 2SF2+2SF4 are used for data transmission, and the E-DPDCH slot format table will be extended. Table 1 shows the new extended E-DPDCH slot formats.
Table1: New E-DPDCH slot formats.
	Slot Format #i
	Channel Bit Rate (kbps)
	Bits/Symbol
	SF
	Bits/ Frame
	Bits/ Subframe
	Bits/Slot

	
	
	M
	
	
	
	Ndata

	0
	15
	1
	256
	150
	30
	10

	1
	30
	1
	128
	300
	60
	20

	2
	60
	1
	64
	600
	120
	40

	3
	120
	1
	32
	1200
	240
	80

	4
	240
	1
	16
	2400
	480
	160

	5
	480
	1
	8
	4800
	960
	320

	6
	960
	1
	4
	9600
	1920
	640

	7
	1920
	1
	2
	19200
	3840
	1280

	8
	1920
	2
	4
	19200
	3840
	1280

	9
	3840
	2
	2
	38400
	7680
	2560

	10
	2880
	3
	4
	28800
	5760
	1920

	11
	5760
	3
	2
	57600
	11520
	3840


Proposal 2: Two new E-DPDCH slot formats are introduced as in Table1 to support 64QAM in uplink.

2.2 Impacts to 25.212

There are three aspects to consider in 25.212 specifications: the determination of SF, modulation scheme and number of PhCHs needed, the channel interleaver, and the AG table.

2.2.1 Determination of SF, modulation scheme and number of PhCHs

In the current specification 25.212, the possible number of bits available to the CCTrCH of E-DCH type on all PhCHs, Ne,data, are {N256, N128, N64, N32, N16, N8, N4,  2(N4, 2(N2, 2(N2+2(N4, 2(M2+2(M4} where the index refers to the spreading factor, N refers to BPSK modulation and M to 4PAM modulation; and SET0 denotes the set of Ne,data values allowed by the UTRAN and supported by the UE, as part of the UE’s capability which can be a subset of Ne,data. With the intrduction of 64QAM in UL, however, Ne,data = {N256, N128, N64, N32, N16, N8, N4,  2(N4, 2(N2, 2(N2+2(N4, 2(M2+2(M4} should be extended to Ne,data = {N256, N128, N64, N32, N16, N8, N4,  2(N4, 2(N2, 2(N2+2(N4, 2(M2+2(M4, 2(Q2+2(Q4} in order to support higher order modulation, where QSF is the number of bits per TTI for a single physical channel using 8PAM and spreading factor SF.
The selection of SF, modulation scheme and the number of PhCHs needed for E-DCH is based on the TBS, parameter PLnon-max which is signalled from higher layers, fixed parameters PLmod_ switch and PLmax . Due to the addition of 64QAM in UL, a new parameter (PL64mod_switch) denotes the switch point of 16QAM to 64QAM in UL should be introduced into the current specification.   

2.2.2 Channel interleaver

Additional channel interleaver is increased in order to support 16QAM from QPSK in UL, similarly another channel interleaver as a natural extension would be to use the same approach for UL 64QAM as well, which precipitates the compatibility of 16QAM. Figure 1 shows the Possible interleaver structure for E-DCH supporting 64QAM.

[image: image1]
Figure 1:   Possible channel interleaver structure for supporting 64QAM.
Proposal 3: One additional interleaver is introduced as in Figure 1 to support UL 64QAM. 
2.2.3 Absolute Grant Value
64QAM transmission needs larger scheduling grants to reach higher peak rate, and changes in the Absolute Grant Value tables (Table 16B and Table 16B.1 in 25.212) need to be introduced. Similarly to 16QAM, the new tables possibly will discard some of the smallest and add some of the largest absolute grant values while maintaining the same table size equal to 32. The selection of the AG table depends on the higher layer signalling as in the current specifications.
2.3 Impacts to 25.213

The impacts to specification 25.213 due to the introduction of 64QAM include two aspects: the E-DPDCH constellation mapping and the quantization of the ratio ec/c and ed/c .
2.3.1 Constellation mapping
With the introduction of 64QAM in the uplink the constellation mapping of 8PAM needs to be designed. Table 2 shows the constellation mapping for 8PAM as agreed in last meeting [3].
Table 2: Bit-to-symbol mapping of 8PAM
	nk, nk+1, nk+2
	Mapped real value

	000
	0.6547

	001
	0.2182

	010
	1.0911

	011
	1.5275

	100
	-0.6547

	101
	-0.2182

	110
	-1.0911

	111
	-1.5275


2.3.2 The quantization for ec/c and ed/c
UL data transmission can achieve higher peak rates due to the introduction of 64QAM. Higher peak rates need higher transmission power, and the power offset of E-DPDCH to DPCCH needs to be increased. The power offsets in boosting mode need also to be revisited. When E-TFCI > E-TFCIec,boost the range of ec/c may also need to increaseto provide an enhanced phase reference. 
With the introduction of 64QAM in UL, the table of ed/c should be modified (Table 1B), and when E-TFCI > E-TFCIec,boost  the table ofec/c should be modified (Table 1B.0A). T2TP may also be impacted due to the introduction of UL 64QAM, and should be further discussed (Table 1B.0).
2.4 Impact to 25.214

No impact to specification 25.214 is foreseen due to the introduction of 64QAM in UL. 
3. Conclusion
This contribution discussed the impact to 25.211 to 25.214 specifications for introducing 64QAM in the uplink.

Proposal 1: Maintain the existing physical slot format of E-DPCCH and introduce a new E-TFCI table for UL 64QAM.

Proposal 2: Two new E-DPDCH slot formats are introduced as in Table1 to support UL 64QAM.

Proposal 3: One additional interleaver is introduced as in Figure 1 to support UL 64QAM.
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