3GPP TSG-RAN WG4 Meeting #66
                                                  R4-130494
St. Julian’s, Malta, 28 Jan - 1 Feb, 2013

Agenda item:           6.3.4
Source:
Ericsson

Title:
BS Performance requirements for 4X4MIMO
Document for:          Discussion 
1 Introduction

[image: image1]RAN 1 has finalized the definition of the control channels in uplink, namely HS-PDCCH. In this paper we address BS performance requirements for the HS-PDCCH.

2 Discussion

For 2-branch HSDPA MIMO the UE reports CQIs corresponding to the selected PCI and rank. The selected rank is implicitly reported in the CQI report by using the following formula.
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The structure of the legacy HS-PDCCH is as follows: 

Figure 1: Structure of legacy HS-DPCCH.

Slot format 0 (SF=256) is used for single carrier, dual carrier with and without MIMO and with 3C without MIMO. When 3C are considered with MIMO or more than 3C are considered than a lower SF was introduced (slot format=1, SF=128).

Review of the HS-PDCCH structure for 4x4MIMO and comparison with the legacy structure
In case of 4X4MIMO it has been decided to keep all the necessary information, i.e. CQI/RI/PCI in addition to ACK/NAK, in one subframe. Hence in total 14 bits of CQI/RI/PCI.(and 8 bits of tail bits).

Instead of block encoding as used in legacy, convolutional code with rate 1/2 is used for encoding, The changes are:  
· Convolutional code 1/2 is changed  (with puncturing to fit 40bits)
· Spreading factor is changed to 128 for all the cases.
The structure for single carrier is shown in Figure 2a and 2b.
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Figure 2a. Structure of single carrier HS-DPCCH for 4X4MIMO


Figure 2b. Structure of single carrier HS-DPCCH for 4X4MIMO. Coding scheme.
The following has been decided in RAN 1:

· No change in HARQ-ACK coding, use same encoding table as that of Release 7 MIMO is used.
· Use CQI/PCI/RI in one subframe 

· Use 1/2 convolutional code with end puncturing for CQI/PMI/RI
· Use two types of reports, type A and type B as for legacy case
Slot format 1 is used when the UE is configured in MIMO mode with 4 tx antennas.
In case of dual carrier the solution which was decided is shown in figure 3.


Figure 3. Structure of HS-PDCCH for dual carrier when 4X4MIMO is considered.

It should be noted that the minimum reporting interval is 4ms (2 subframes) because CQI/PMI/RI for the two carriers are time multiplexed.

 The difference wrt to the legacy DC-HSDPA is due to the fact that HARQ-ACKs are encoded independently for the two carriers (10 bits for each carrier), by using the same encoding table as for legacy MIMO independently for each carrier, while in legacy DC-HSDPA+MIMO ACK and NACK are encoded jointly for C1 and C2 (10 bits for the joint encoding). 
For 4X4MIMO with 3C, the structure is as follows:



where 2 HS-DPCCH codes are considered each with the same structure as for DC-HSDPA. This is different from the structure used for 3C+legacy MIMO where SF=128 (Slot format = 1) but a single HS-DPCCH is still considered, with C1 and C2 ACK/NACK jointly encoded over the first 10 bits and  C3 is jointly encoded with DTX over 10 bits, by following the same codeword mapping as for dual carrier HSDPA with MIMO.
The structure for  4C plus 4-branch MIMO is shown in Figure 4.

Figure 4. HS-DPCCH structure for 4C.

With the same difference compared to the legacy 4C+MIMO as mentioned above.

Additionally the structure has been defined for the cases when MIMO 4X4 is configured on a subset of carriers, see [1-3].
In case when some of the carriers are not configured with 4X4MIMO (in particular the 3rd  and 4th carriers or the 1st and the 2nd) the legacy structure of HS-DPCCH is reused.
Review of legacy performance requirements for HS-DPCCH

Performance requirements are currently defined in 25.101 as a function of the ACK false alarm (P(DTX->ACK) (= false ACK detection when DTX is transmitted)) and ACK mis-detection (P(ACK->NACK or DTX) (=mis-detected when ACK is transmitted)).
The performance is defined for slot format 0 with single carrier mode and for slot format 1 with 4C-HSDPA with the following test configurations:

4/4/4, 4/2/2, 3/3/3, 3/2/1, 3/3/0
where X/Y/Z denotes X number of carriers configured, Y number of active carriers, and Z number of carriers configured as MIMO out of Y carriers.
HS-DPCCH performance handling for 4X4MIMO
RAN 2 has decided to introduce 2 new categories, 4X4MIMO with up to 2 carriers and 4X4MIMO with up to 4 carriers. So if RAN 4 decides for the introduction of new performance requirements then only  DC+4X4 MIMO and/or 4C+4X4MIMO cases should be introduced.
By considering the similarities between the structure for 4C+4X4MIMO and DC+4X4MIMO and in order to limit the number of test cases, one proposal could be limited to the case of 4C+4X4MIMO.

However, despite the differences mentioned above the code for ACK and NACK is the same as used for legacy MIMO scheme defined in Rel-7 (single carrier), and it is a subset of the code defined for MC+legacy MIMO.  The same codewords are used as in the legacy case when the second carrier is DTXed (e.g. A/D, N/D, AA/D, NN/D, AN/D, NA/D). 
	A/D
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	N/D
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	AA/D
	1
	0
	1
	0
	1
	1
	1
	1
	0
	1

	AN/D
	1
	1
	0
	1
	0
	1
	0
	1
	1
	1

	NA/D
	0
	1
	1
	1
	1
	0
	1
	0
	1
	1

	NN/D
	1
	0
	0
	1
	0
	0
	1
	0
	0
	0


The other codewords are used in the legacy MC+MIMO for the cases when in the second carrier A/N is reported. 

These are instead interpreted as follows for 4X4MIMO

	HARQ-ACK
message to be transmitted
	g0
	g1
	g2
	g3
	g4
	g5
	g6
	g7
	g8
	g9

	HARQ-ACK in response to a single scheduled transport block

	ACK
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	NACK
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	HARQ-ACK in response to two scheduled transport blocks

	Response to primary transport block
	Response to second transport block
	

	ACK
	ACK
	1
	0
	1
	0
	1
	1
	1
	1
	0
	1

	ACK
	NACK
	1
	1
	0
	1
	0
	1
	0
	1
	1
	1

	NACK
	ACK
	0
	1
	1
	1
	1
	0
	1
	0
	1
	1

	NACK
	NACK
	1
	0
	0
	1
	0
	0
	1
	0
	0
	0

	HARQ-ACK in response to three scheduled transport blocks

	Response to primary transport block
	Response to second and third transport blocks
	

	ACK
	ACK
	1
	0
	1
	0
	1
	1
	1
	1
	0
	1

	ACK
	NACK
	1
	1
	0
	1
	0
	1
	0
	1
	1
	1

	NACK
	ACK
	0
	1
	1
	1
	1
	0
	1
	0
	1
	1

	NACK
	NACK
	1
	0
	0
	1
	0
	0
	1
	0
	0
	0

	HARQ-ACK in response to four scheduled transport blocks

	Response to primary and fourth transport blocks
	Response to second and third transport blocks
	

	ACK
	ACK
	1
	0
	1
	0
	1
	1
	1
	1
	0
	1

	ACK
	NACK
	1
	1
	0
	1
	0
	1
	0
	1
	1
	1

	NACK
	ACK
	0
	1
	1
	1
	1
	0
	1
	0
	1
	1

	NACK
	NACK
	1
	0
	0
	1
	0
	0
	1
	0
	0
	0

	PRE/POST indication

	PRE
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0

	POST
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0


The performance difference comes from the fact that the SF is changed, the codewords are interpreted in a different way and that TBSs associated with different layers are jointly acknowledged. However, the error correction/error detection capability of the code is the same. So it can be argued that existing performance requirements are already testing the capability of the NodeB to decode correctly the particular ACK/NACK code.

It is then proposed not to add new performance requirements for HS-DPCCH for 4X4MIMO.

If the network declare to support 4X4MIMO it is very likely that it will support also DC-HSDPA,  4C-HSDPA and legacy 2X2 MIMO, hence the tests under these conditions will be already carried on.
3 Conclusions

In this paper we have reviewed the structure of the HS-DPCCH which has been agreed in RAN 1.
The following is proposed:
It is then proposed not to add new performance requirements for HS-DPCCH for 4X4MIMO.
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Same mapping as in legacy case. The 10 bits are repeated to reach 20 bits, SF=128 is used.
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