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1. Introduction
In RAN2#77bis meeting RAN2 working group discussed some MAC impacts due to the introduction of Four branch MIMO in Release 11 HSPA. RAN2 couldn’t come to a decision on the number HARQ processes for three streams and four streams transmissions. An email discussion was proposed to achieve a progress in the discussion in preparation for the next RAN2#78 meeting.

2. Proposed email discussion organization
The following documents were submitted in RAN2#77bis meeting discussing Four Branch MIMO HSDPA MAC aspects and UE categories [1], [2], [3], [4], [5], [6], the following topics extracted from the documents above are proposed to discuss: 
· MAC impact
· UE categories

To add any new topic or issue, please coordinate with the rapporteur. The deadline for this Email discussion is Thursday, 2012-05-10, 23:59 Pacific Time.

3. Agreements on 4Tx-HSDPA
3.1
RAN Agreements
At RAN#53, Rel-11 Four Branch MIMO transmission for HSDPA work item was approved see [1], in which the following objectives were agreed:
· Specify 4-branch MIMO transmission scheme for HSDPA for the following scenarios:

a. Simultaneous transmission of up to four layers to one UE in CELL_DCH should be possible.

i. It should be possible to operate 64QAM on all layers simultaneously.

ii. Specific transmission modes with two layers and single layer shall be supported.

b. All layers shall be transmitted from the same HS-DSCH cell

c. Existing functionality should be re-used unless can be justified by clear benefits.

d. The benefits of supporting 4-branch MIMO in combination with multi-carrier operation should be assessed during the work item. If benefits are deemed sufficient, enable operation of 4-branch MIMO in combination with downlink multi-carrier operation over 1-4 carriers.

e. It shall be possible to operate 4-branch MIMO in combination with a single uplink carrier if applied with downlink multi-carrier operation. 

f. The design should ensure that the impact on non-MIMO UEs and 2x2 MIMO UEs is minimized. Whether or not this needs to be handled explicitly in the specifications should be determined during WI.

· Introduce the functionality in the relevant specifications of

a. UL and DL control channel structure

i. The work should focus on reusing existing structures as much as possible. 

b. L2 protocol

c. UTRAN network interfaces

d. UE RF core requirements with the work task breakdown 

3.2
RAN1 Agreements
The following agreements were made during RAN1#67:
To support up to 4 layers, RAN1#67 decided to introduce a codeword as a combination of up to 2 TBs of equal size 

· No new TB sizes will be defined 

· Single MCS is used per codeword 

· Single CQI is reported per codeword
The following agreements were made during RAN1#68:

· Adopt a scheme with up to two codewords (CWs)

· A CW is mapped to up to 2 layers 

· Single ACK/NACK per codeword

Figure 1 shows the block diagram at the transmission side for 4 stream transmission.
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Figure 1  Block diagram at the transmission side for rank 4 transmissions

The following agreements were made during RAN1#68bis:
-
Confirm the working assumption to keep separate encoding and CRC for each TB if two TBs are multiplexed in one CW.

-
Physical channel interleaving is carried out per physical channel as today.

-
Apply the following fixed codeword to layer mapping:

	Rank
	Layer

	1
	CW 1 ( Layer 1 

	2
	CW 1 ( Layer 1 

CW 2 ( Layer 2

	3
	CW 1 ( Layer 1

CW 2 ( Layer 2 and 3

	4
	CW 1 ( Layer 1 and 2

CW 2 ( Layer 3 and 4


3.3
RAN2 Agreements
The following agreements were made during RAN2#77bis:
· MAC architecture does not need any change.

· The number of reordering SDUs per TTI does not need to increase.
· The MAC-ehs window size does not need to increase.

· The TB size table does not need to change.

4. Discussion
Four Branch MIMO HSDPA RAN2 aspects are discussed below.
4.1 MAC impact
4.1.1
Number of HARQ processes
The number of HARQ processes for three streams and four streams transmissions was discussed at RAN2#77bis in [1] and [3]. Two proposals were discussed at RAN2#77bis if the number of HARQ processes should be up to two or up to four for three streams and four streams transmissions. At RAN1#68, it was agreed to use 2 codewords in four branch MIMO system to reduce the uplink and downlink signaling see [8].  This implies that the uplink and downlink signalling consists only of 2 ACK/NAKS, HARQ processes indicator for 2 processes. Since in a four branch MIMO system, the maximum number of streams supported is four, to map these four streams at MAC-ehs to the 2 codewords there should be two HARQ processes per HS-DSCH per TTI for three streams and four streams transmissions. In other words, in MAC-ehs entity network side, there would be 2 MAC-ehs PDUs multiplexed into 2 transport blocks with 2 CRCs per one HARQ process/one codeword, i.e. for the three streams transmission there would be 3 MAC-ehs PDUs/3 transport blocks/3 CRCs mapped to 2 HARQ processes /2 codewords, and for the four streams transmission there would be 4 MAC-ehs PDUs/4 transport blocks/4 CRCs mapped to 2 HARQ processes /2 codewords. Since, in the  LS from RAN1 to RAN2 [8], RAN1 thinking that there may not be a need to increase the number of HARQ processes from that used for 2x2 MIMO, the rapporteur proposes as a way forward:

77bis#35 Proposal 1:  There should be up to two HARQ processes per HS-DSCH per TTI for three streams and four streams transmissions
	Company
	Position on 77bis#35 Proposal 1

	Nokia Siemens Networks


	Our general view is that it is merely an “architectural/modelling” question, which does not impact the actual functioning,

From the viewpoint of physical number of CQIs and the structure of the HS-SCCH channel that is under consideration in RAN1, we acknowledge the fact that 2 HARQ processes is the assumption that reflects the way things actually work. However, the issue with the current specifications, in particular 25.321, is that there is a one-to-one mapping between TB, MAC-ehs PDU, and the HARQ process. So, by taking an assumption that there are two HARQ processes, we unintentionally may introduce quite a significant impact to 25.321 by breaking existent architectural principles without no obvious gain. The same comment applies to 25.331, even though we do not anticipate the big impact there. Thus, we are somewhat reluctant to say now “yes” for the reason is that 25.321 rapporteur (NSN), 25.331 rapporteur, and 4x4 MIMO rapporteur (Ericsson) should make an analysis of what the outcome will be if we go with 2 or 4 HARQ processes. 

	Huawei, HiSilicon
	We think there should be up to four HARQ processes for 4-brach MIMO. We will have a contribution on this issue in the coming meeting.

	
	

	
	

	
	


4.1.2
Selection of Transport blocks with 2 codewords MIMO
At RAN2#77 the selection of Transport blocks with 2 codewords was discussed, with 2 codewords a maximum of 4 transport blocks are provided to L1 and as it was agreed in RAN2#77bis that the TB size table does not need to change, consequently the two MAC-ehs PDUs mapped to the same HARQ process should be equal in size for three or four streams transmissions, as it is proposed in [4].
77bis#35 Proposal 2: In case of three streams or four streams transmissions the two MAC-ehs PDUs mapped to the same HARQ process should be equal in size.
	Company
	Position on 77bis#35 Proposal 2

	Nokia Siemens Networks
	We would like to understand better the technical reasoning behind having such a proposal. Is not it enough that we already stated in RAN1 that TBs belonging to the same codeword are of the same size? If they are, our understanding is that a UE just follows the existing legacy procedure on how to fill the given TB with the MAC-ehs PDU. In fact, the TS 25.321 already specifies that the MAC-ehs PDU with padding (which is officially part of MAC-ehs PDU) fills the given TB. Thus, having two TBs of the same size automatically yields two MAC-ehs PDUs of the same size, making the whole proposal somewhat redundant or at least making its intention not so clear to us. 

	Huawei, HiSilicon
	We agree that the two MAC-ehs PDUs multiplexed into the same codeword should be equal in size, which is the RAN1 agreement.

	
	

	
	

	
	


4.4
UE categories

New 4-branch MIMO transmission UE categories were proposed in [5] and [6]. The following were the proposals:

Proposal in [5]: Six new 4-branch MIMO UE categories are proposed as below:
	HS-DSCH category
	4-branch MIMO

configuration
	The Number of 
DL Carriers when 4-branch MIMO is configured
	Supported modulations 
in aggregated carriers

	37
	4*2 MIMO
	1
	QPSK, 16QAM, 64QAM

	38
	4*4 MIMO
	1
	QPSK, 16QAM, 64QAM

	39
	4*2 MIMO
	2
	QPSK, 16QAM, 64QAM

	40
	4*4 MIMO
	2
	QPSK, 16QAM, 64QAM

	41
	4*2 MIMO
	4
	QPSK, 16QAM, 64QAM

	42
	4*4 MIMO
	4
	QPSK, 16QAM, 64QAM


Proposal in [6]: Four new 4-branch MIMO UE categories are proposed as below:

	HS-DSCH category
	4-branch MIMO

configuration
	The Number of 
DL Carriers when 4-branch MIMO is configured
	Supported modulations 
in aggregated carriers

	37
	4*2 MIMO
	2
	QPSK, 16QAM, 64QAM

	38
	4*4 MIMO
	2
	QPSK, 16QAM, 64QAM

	39
	4*2 MIMO
	4
	QPSK, 16QAM, 64QAM

	40
	4*4 MIMO
	4
	QPSK, 16QAM, 64QAM


In [5] it is mentioned that RAN2 could further discuss whether the number of UE categories needs to be further reduced. Moreover to reduce complexity of handing of the UEs in the network, less UE dependencies within the same release and the fall back to other releases, also to reduce test efforts, as well as to avoid fragmentation of Four Branch MIMO UEs in the market, it seems reasonable to limit the number of new UE categories. As a way forward the rapporteur proposes: 
77bis#35 Proposal 3: The following four new 4-Branch MIMO HSDPA UE categories are proposed
	HS-DSCH category
	4-branch MIMO

Configuration
	The Number of 
DL Carriers when 4-branch MIMO is configured
	Supported modulations 
In aggregated carriers

	37
	4*2 MIMO
	2
	QPSK, 16QAM, 64QAM

	38
	4*4 MIMO
	2
	QPSK, 16QAM, 64QAM

	39
	4*2 MIMO
	4
	QPSK, 16QAM, 64QAM

	40
	4*4 MIMO
	4
	QPSK, 16QAM, 64QAM


	Company
	Position on 77bis#35 Proposal 3

	Nokia Siemens Networks
	We agree with the proposed UE categories.

	Huawei, HiSilicon
	We have no strong position.

	
	

	
	

	
	


5. Conclusion
Only two companies participated in the email discussion, one company actively discussed the proposals, the other provided a very late feedback.

5.1 Summary and suggestion to RAN2

77bis#35 Proposal 1:  There should be two HARQ processes per HS-DSCH per TTI for three streams and four streams transmissions
While one company doesn’t agree with the proposal and think that should be up to four HARQ processes for 4-brach MIMO the other company consider that more analysis is needed whether 2 or 4 HARQ processes should be used.
( The rapporteur suggests that this proposal should be discussed in RAN2#78

77bis#35 Proposal 2: In case of three streams or four streams transmissions the two MAC-ehs PDUs mapped to the same HARQ process should be equal in size.
One company agree with the proposal the other company preferred to have more investigations. 
( The rapporteur suggests that this proposal should be discussed in RAN2#78

77bis#35 Proposal 3: The following four new 4-Branch MIMO HSDPA UE categories are proposed
	HS-DSCH category
	4-branch MIMO

Configuration
	The Number of 
DL Carriers when 4-branch MIMO is configured
	Supported modulations 
In aggregated carriers

	37
	4*2 MIMO
	2
	QPSK, 16QAM, 64QAM

	38
	4*4 MIMO
	2
	QPSK, 16QAM, 64QAM

	39
	4*2 MIMO
	4
	QPSK, 16QAM, 64QAM

	40
	4*4 MIMO
	4
	QPSK, 16QAM, 64QAM


One company agree with the proposed UE categories while no strong opinion from the other company.

 ( The rapporteur suggests go agree on this proposal in RAN2#78
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