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HARQ re-transmission scenarios table for UL MIMO


E-TFC selection rules for UL MIMO
1. Overall Description:

RAN WG1 has discussed the MIMO with 64QAM for HSUPA work item in detail and has reached to a number of agreements impacting 25.3xx and 25.4xx specifications and would like to ask RAN WG2 and WG3 to take these agreements into account when introducing the MIMO with 64QAM for HSUPA feature to their specifications.

Scheduling and rank selection
· Node B signals the UE with a Serving Grant (SG) with E-AGCH and E-RGCH as with non-MIMO case

· Node B signals the UE with a maximum rank and an offset to the transmit power (gain factors) chosen for the primary stream using a new code channel S-E-AGCH (terminology TBC)

· SG interpretation with rank 2 transmissions 

· The primary stream E-TFC selection uses the network signalled SG the same way regardless of the rank of the transmission.

· 2nd stream E-TFC selection – the virtual SG used in the E-TFC selection

· The virtual SG for the 2nd stream E-TFC selection is calculated as the transmit power (gain factors) chosen for the primary stream – offset, where the offset is provided by the Node B.
· The same gain factor tables as with the 1st stream are used in the 2nd stream E-TFC selection when calculating the secondary stream E-TFC based on the virtual SG.
· 2nd stream interference compensation in the 1st stream

· An offset to be used in the TBS selection for rank-2 transmissions is introduced for UL MIMO.

· This offset is signaled to the UE through RRC signaling in a semi-static fashion.
· The details with regard to the application of this offset are to be decided in RAN1#70. 

· Range of the offset: TBD
Detailed E-TFC selection and HARQ re-transmission interactions are listed in Annex B and Annex C.

S-DPCCH

· A different S-DPCCH power offset is used with rank2 than with rank1

· For rank1 transmission, Beta_sc is set as in legacy, according to 5.1.2.5D in 25.214

· For rank2 transmission, Beta_sc = Beta_ec, according to 5.1.2.5B.1 in 25.214, as specified for the case when E-TFCIi is greater than E-TFCIec,boost
· Behaviour isolated to L1,  no RAN2/RAN4 impacts
S-E-DPCCH

· S-E-DPCCH power is relative to DPCCH and not boosted. Bsec is a parameter signalled semi-statically over RRC by the RNC

Power scaling when the UE hits the maximum power limit during rank-2 transmission
· Scale down E-DPDCHs and S-E-DPDCHs equally

Modulation selection and E-TFC table for 64QAM
· The switching point from 16QAM to 64QAM occurs so that 64QAM is used for TBS larger than or equal to 19000 bits, 16QAM is used below 19000 bits. The maximum TB size with 64QAM is 34507 bits.

· Annex A lists the RAN1 evaluated E-TFC table for uplink 64QAM

Downlink signalling aspects
· F-TPICH

· F-TPICH is used to carry TPI as with CLTD without modifications
· HARQ-ACK

· Two independent E-HICH signatures for HARQ-ACKs of TB1 and TB2
· E-RGCH

· SG controlled with E-RGCH(s) according to existing rules
· E-AGCH

· Keep E-AGCH unchanged for SG signaling
· S-E-AGCH (name TBC)
· Introduce a new channel using the E-AGCH coding chain but different bit interpretation to carry the second stream related information (rank, SG offset)
· The E-AGCH and S-E-AGCH can be independently configured with a channelization code and E-RNTI (possible to code multiplex them, or time multiplex on one code with different E-RNTIs)
HS-SCCH orders
· Use CLTD orders as is with MIMO configuration
· RANK2 transmissions are only possible if UL_CLTD_Active = 1 and the UE is allowed to transmit with rank2. UL_CLTD_Active =2 and 3 work the same way in MIMO mode as defined for UL CLTD
2. Actions:
To TSG RAN WG2 
RAN WG1 asks RAN WG2 to consider introducing the following things in the 25.3xx series of specifications when introducing the MIMO with 64QAM for HSUPA to 3GPP Release 11.
· E-TFC selection rules for Rank-2 operation along the lines listed in ‘Scheduling and rank selection’ in the overall description section and annexes B and C.
· Signalling for configuring the S-E-AGCH code and S-E-RNTI
· Signalling for enabling 64QAM in the radio link and using the 64QAM specific E-TFC table

· Introducing the new E-TFC table in Annex A for 64QAM to the MAC specification

· Signaling for the second E-HICH signature for HARQ-ACK of the second stream TBs

· Signaling for S-E-DPCCH power offset

· Signaling for the E-TFC selection offset for rank2 transmission, details still FFS.
To TSG RAN WG3 
RAN WG1 asks RAN WG3 to consider introducing the following things in the 25.4xx series of specifications when introducing the MIMO with 64QAM for HSUPA to 3GPP Release 11.

· Signalling for configuring the S-E-AGCH code and S-E-RNTI

· Signalling for enabling 64QAM in the radio link and using the 64QAM specific E-TFC table

· Signaling for the second E-HICH signature for HARQ-ACK of the second stream TBs

· Signaling for S-E-DPCCH power offset

· Signaling for the E-TFC selection offset for rank2 transmission, details still FFS.
3. Date of Next TSG-RAN WG1 Meetings:

TSG RAN1 Meeting #70
13 – 17 August 2012, Qingdao, China
TSG RAN1 Meeting #70-BIS
 8 – 12 October 2012, San Diego, CA, USA
TSG RAN1 Meeting #71
12 – 16 November 2012, New Orleans, LA, USA

4. Annexes
Annex A – E-TFC table for uplink 64QAM

E-TFC table for 64-QAM
	E-TFCI
	TB Size (bits)
	E-TFCI
	TB Size (bits)
	E-TFCI
	TB Size (bits)
	E-TFCI
	TB Size (bits)
	E-TFCI
	TB Size (bits)

	0
	18
	30
	441
	60
	1700
	90
	6544
	120
	25194

	1
	120
	31
	461
	61
	1778
	91
	6845
	121
	26352

	2
	125
	32
	483
	62
	1860
	92
	7160
	122
	27563

	3
	131
	33
	505
	63
	1945
	93
	7489
	123
	28830

	4
	137
	34
	528
	64
	2034
	94
	7833
	124
	30400

	5
	143
	35
	552
	65
	2128
	95
	8193
	125
	31600

	6
	150
	36
	578
	66
	2226
	96
	8570
	126
	32990

	7
	157
	37
	604
	67
	2328
	97
	8963
	127
	34507

	8
	164
	38
	632
	68
	2435
	98
	9375
	
	

	9
	171
	39
	661
	69
	2547
	99
	9806
	
	

	10
	179
	40
	692
	70
	2664
	100
	10257
	
	

	11
	188
	41
	723
	71
	2787
	101
	10728
	
	

	12
	196
	42
	757
	72
	2915
	102
	11221
	
	

	13
	205
	43
	792
	73
	3049
	103
	11737
	
	

	14
	215
	44
	828
	74
	3189
	104
	12276
	
	

	15
	225
	45
	866
	75
	3335
	105
	12841
	
	

	16
	235
	46
	906
	76
	3489
	106
	13431
	
	

	17
	246
	47
	948
	77
	3649
	107
	14048
	
	

	18
	257
	48
	991
	78
	3817
	108
	14694
	
	

	19
	269
	49
	1037
	79
	3992
	109
	15369
	
	

	20
	281
	50
	1084
	80
	4176
	110
	16075
	
	

	21
	294
	51
	1134
	81
	4367
	111
	16814
	
	

	22
	308
	52
	1186
	82
	4568
	112
	17587
	
	

	23
	322
	53
	1241
	83
	4778
	113
	18395
	
	

	24
	337
	54
	1298
	84
	4998
	114
	19241
	
	

	25
	352
	55
	1358
	85
	5227
	115
	20125
	
	

	26
	368
	56
	1420
	86
	5468
	116
	21050
	
	

	27
	385
	57
	1485
	87
	5719
	117
	22017
	
	

	28
	403
	58
	1554
	88
	5982
	118
	23029
	
	

	29
	422
	59
	1625
	89
	6257
	119
	24087
	
	


Annex B – HARQ re-transmission scenarios table for UL MIMO

Table: HARQ re-transmission scenarios

	CASE
	USED/PREFERRED RANK
	ACK/NACK
	OTHERS
	Behaviour

	
	Original
Tx
	Re-Tx
	TB1
	TB2
	Power/Buffer*
Limited
	Re-Tx handling

	1
	1
	1
	nack
	-
	-
	LEGACY

	2
	1
	2
	nack
	-
	-
	Force re-transmission in Rank 1

	3
	2
	1
	nack
	nack
	-
	Re-transmit in Rank 2

	4
	2
	2
	nack
	nack
	-
	Re-transmit in Rank 2

	5
	2
	1
	ack
	nack
	no
	Re-transmit in Rank1 using primary stream

	6
	2
	2
	ack
	nack
	no
	Re-transmit stream 2 and new data on stream 1

	7
	2
	1
	nack
	ack
	no
	Re-transmit in Rank1

	8
	2
	2
	nack
	ack
	no
	Re-transmit stream 1 and new data on stream 2

	9
	2
	1
	ack
	nack
	Buffer/power
	Re-transmit in Rank1 using primary stream

	10
	2
	2
	ack
	nack
	Buffer
	Re-transmit in Rank1 using primary stream

	10b
	2
	2
	ack
	nack
	Power
	New data on primary stream, Re-Tx on the secondary stream if sufficient power available to select a new TB to be transmitted in parallel to the Re-Tx. Otherwise only the retransmission is sent on the primary stream.

	11
	2
	1
	nack
	ack
	Buffer/power
	Re-transmit in Rank1

	12
	2
	2
	nack
	ack
	Buffer
	Re-transmit in Rank1

	12b
	2
	2
	nack
	ack
	power
	New data on secondary stream, Re-Tx on the primary stream, if sufficient power available to select a new TB to be transmitted in parallel to the Re-Tx. Otherwise only the retransmission is sent on the primary stream.


*Buffer limited in this table refers to the situation there is not enough data in the buffer to meet the minimum TB size requirement for rank 2 transmissions.
Annex C – E-TFC selection rules for UL MIMO
1
Introduction
The following section details the E-TFC selection procedure for UL MIMO. 

2
E-TFC Selection for UL MIMO
2.1
General Principles

· Rank 2 transmissions are only allowed if the E-TFC selection results with two TBs that map to the 2xSF2+2xSF4 spreading factor configuration in both streams. If one or both TB sizes violate this rule the UE shall transmit rank 1.
· The transmit power applied on the E-DPDCH and the S-E-DPDCH channels is always equal for the two streams during rank 2 transmission.

· The secondary stream grant refers to the effective gain factor that is to be used for determining the TBS for the secondary stream based on the gain factor-TBS table. The tables that map the gains factors to the TB size for the primary stream are to also to be used for the selection for the TB size for the secondary stream.
· The grant for the secondary stream is determined from a signaled power offset to the primary stream power. The signaled power offset can be derived from the SIR between the primary and secondary stream.
· The E-TFC selection procedure indicates different actions for when the UE is power-limited vs. when it is not power-limited. The UE is defined to be power-limited if the actions followed for the not power limited case causes the maximum UE transmit power to be exceeded.
2.2
Case A: E-TFC selection when the Node B has signalled rank1 to the UE
Case A1: No pending retransmissions:

· Legacy E-TFC selection rules apply with the current SG; Rank 1 is transmitted

Case A2: 1 pending retransmission

· The re-transmission (primary or secondary) is transmitted using rank 1 on the primary stream using the gain factors derived from the TBS of the retransmitted TB corresponding to stream 1 rank 1.

Case A3: 2 pending retransmissions 

· Retransmit using rank 2 without changes to the gain factors or the transport block sizes. When the UE is power limited, the gain factors applied in the data and control channels are scaled to meet the maximum UE transmit power in accordance with the power scaling procedure.

2.3
Case B: E-TFC selection when the Node B has signalled rank2 to the UE
Case B1: No pending retransmissions

· UE is not power or buffer limited:
· The primary stream TB is selected corresponding to the maximum E-TFC that is allowed by the Serving Grant.
· The secondary stream TB is selected based on the power (gain factors) chosen for the primary stream and the signalled offset.
· UE is power limited:

· The TB on the primary stream is selected corresponding to the maximum power (gain factors) that can allocated to the primary stream such that the maximum UE transmit power is not exceeded for rank-2 transmission.  
· The secondary stream TB is selected based on the power (gain factors) chosen for the primary stream and the signalled offset. 
· UE is buffer limited:

· The data in the UE buffer is used to fill the primary stream TB, selected such that it does not exceed the maximum E-TFC that is allowed by the Serving Grant. 
· Any remaining bits are mapped to the secondary stream TB. 
· UE is both buffer and power limited:

· The rules for the power limited scenario are applied first, followed by the rules applicable for the buffer limited scenario.
· [FFS: In all cases, if the minimum TB sizes allowed for rank 2 transmission are violated, then the UE falls back to rank 1. When the UE falls back to rank 1, then the E-TFC selection procedure is performed as if the NodeB has signalled rank1 to the UE (Case A)]
Case B2: 1 pending retransmission

· If primary stream is retransmitted, the gain factors to be applied are derived from the TB size corresponding to stream 1 such that the maximum UE transmit power for rank-2 transmission is not exceeded. The TB size is not changed during the re-transmission.
· UE is not power or buffer limited:
· The secondary stream TB is selected based on the maximum E-TFC that is allowed by the gain factors applied on the primary stream and the signalled offset.
· UE is power limited:
· The secondary stream TB is selected based on the gain factors applied on the primary stream and the signalled offset.

· The gain factors on the primary stream are the maximum power (gain factors) that can be allocated for rank-2 transmission such that the maximum UE transmit power is not exceeded.
· UE is buffer limited:
· The data in the UE buffer is used to fill the secondary stream TB, selected such that it does not exceed the maximum E-TFC that is allowed by the gain factors applied on the primary stream , and the signalled offset.

· UE is both buffer and power limited:
· The rules for the power limited scenario are applied first, followed by the rules applicable for the buffer limited scenario.
· [FFS: In all cases, if the minimum TB sizes allowed for rank 2 transmission are violated, then the UE falls back to rank 1. When the UE falls back to rank 1, then the E-TFC selection procedure is performed as if the NodeB has signalled rank1 to the UE (Case A)]
· If secondary stream is retransmitted, the gain factors to be applied are derived from the TB size corresponding to stream 1 such that the maximum UE transmit power for rank-2 transmission is not exceeded. The TB size is not changed during the re-transmission.
· UE is not power or buffer limited:
· The primary stream TB is selected corresponding to the maximum E-TFC that is allowed by the Serving Grant.

· UE is power limited:
· The primary stream TB is selected based on the maximum power (gain factors) that can allocated for rank-2 transmission such that the maximum UE transmit power is not exceeded.
· UE is buffer limited:
· The data in the UE buffer is used to fill the primary stream TB, selected such that it does not exceed the maximum E-TFC that is allowed by the Serving Grant.
· UE is both buffer and power limited:
· The rules for the power limited scenario are applied first, followed by the rules applicable for the buffer limited scenario.
· [FFS: In all cases, if the minimum TB sizes allowed for rank 2 transmission are violated, then the UE falls back to rank 1. When the UE falls back to rank 1, then the E-TFC selection procedure is performed as if the NodeB has signalled rank1 to the UE (Case A) ]
Case B3: 2 pending retransmissions

· Retransmit using rank 2 without changes to the gain factors or the transport block sizes. When the UE is power limited, the gain factors applied in the data and control channels are scaled to meet the maximum UE transmit power in accordance with the power scaling procedure.
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