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1. Introduction
MU-MIMO technology can greatly enhance the uplink frequency efficiency and the average cell throughput by allocating the same E-PUCH resources and different midamble shifts for several users. The following agreement was reached during RAN1 #61 meeting:
The special default midamble allocation scheme shall be introduced in CELL_DCH and CELL_FACH state to allow up to 4 different UEs use the same channelization codes and different midamble shifts for both HS-DSCH and E-DCH.
In HSUPA, the E-HICH signature sequence is determined by the timeslot and the channelisation codes according to the following formula:
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As can be seen from the formula, if more than one user shared the same E-PUCH resources, the same signature sequence number will be used by those users. In order to distinguish different users’ ACK/NACK information, optimization schemes [1] [2] have been provided in the previous conferences. Those schemes could be categorized into two kinds. In this contribution, we compare those schemes and give our suggestions.

2. Discussion
Scheme 1：
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In the formula (2a), the offset is determined by spatial user’s midamble pattern; the association between the offset and the midamble pattern can be predefined or preconfigured by higher layer. In MU-MIMO, different users will be allocated different midamble patterns so that they will have different offset to calculate their E-HICH signature sequence number.
Scheme 2：
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In the formula (2b), M is the midamble shift of the spatial user, M =1, 2… K.
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 denotes the maximum integer that less than X. In this scheme signature sequence number is determined by the timeslot of E-PUCH, Kcell and the user’s Midamble shift.
In the following chapters, a comparison between the above two schemes is made in the aspects of resources allocation granularity, scheduling algorithm and compatibility.  
1）MU-MIMO resources allocation granularity
In the MU-MIMO WI, the special default midamble allocation scheme shall be introduced in CELL_DCH and CELL_FACH state to allow up to 4 different UEs using the same channelization codes and different midamble shifts for both HS-DSCH and E-DCH. The number of midamble shifts is determined by Kcell which can be 2, 4, 6, 8, 10, 12, 14, 16. It is obvious that at least 4 SF16 channelisation codes in downlink or 1 SF4 channelisation codes in uplink will be allocated to the users in order that all the users sharing the same resource can obtain different midamble shifts. When Kcell is less than 16, the number of virtual channelisation codes related to the same midamble shift would be more than 4.This can be clearly seen from the association of Midambles to spreading codes in [4], part of the association is shown in figure 1.
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Figure 1a: Association of Midambles to Spreading Codes for K=16 pattern 1A
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Figure 1b: Association of Midambles to Spreading Codes for K=8 pattern 1A

From the above figure we can see, when Kcell=16, 4 SF16  channelisation codes in downlink or 1 SF4 channelisation codes in uplink corresponds one midamble shift while Kcell=8, 8 SF16  channelisation codes in downlink or 1 SF2 channelisation codes in uplink corresponds one midamble shift. To make the full use of the system resource, the most efficient resource allocation method is that the channelisation codes corresponding to the same midamble shift should be allocated to the same user.
Considering the E-HICH signature sequence, since SF will be less than or equal to 4, the number of virtual channelisation codes related to the same midamble shift will not less than 4. For scheme 1, no matter whether the offset is predefined (equals 0、1、2、3) or preconfigured by the RNC, each user will have a specific offset different from other users. For scheme 2, since NodeB will allocate different midamble shifts for different users, for the typical Kcell value (Kcell=8 or 16), the signature sequences of different users will not conflict with each other.

2）NodeB scheduling algorithm
Before the introduction of MU-MIMO, there are three midamble allocation scheme: common, default and UE specific. For the common and default scheme, the NW resources allocation include time slots and channelisation codes allocation. Since the channelisation codes are related to a/some midamble shift(s), the midamble shifts wouldn’t conflict on condition that the channelisation codes are different. For the UE specific scheme, the uesr’s midamble shift is predefined by higher layer, if there is other midamble allocation scheme besides UE specific scheme, the NW will guarantee that the midamble shift will not conflict.
MU-MIMO technology let the UEs share the same channelisation codes in the same timeslot and use different Midamble shift to obtain each one’s channel information. Therefore, NodeB shall treat the Midamble shift as a new resource dimension that can be scheduled among all the UEs.
For the scene that at least 3 users share the same SF8 E-PUCH resource, even if the resource utilization efficiency, the probability of the scene’s appearance and the control channel overhead problem aren’t taken into consideration, the NodeB needs to guarantee that all the spatial user’s midamble shifts should not conflict for both the above two schemes by allocating appropriate midamble pattern to the UEs when the NW make the scheduling decision.

For example, when Kcell=8, three HSUPA users and three MU-MIMO users share the E-PUCH resource in TS1.
Table 1 HSUPA Users and MU-MIMO Users Working in the Same Uplink Time Slot

	Legacy UE1 – C2(1)
	0

	
	1

	
	2

	
	3

	
	4

	
	5

	
	6

	
	7

	Legacy UE2 – C4(3) 
	8

	
	9

	
	10

	
	11

	MU-MIMO UE3/4/5– C8(7)
	12

	
	13

	Legacy UE6 – C8(8) 
	14

	
	15


The signature sequence corresponding to three legacy HSUPA users UE1/2/6 are 0/8/14 respectively, therefore for the MU-MIMO users UE3/4/5 the NodeB shall avoid to select the midamble pattern that make the MU-MIMO users’ signature sequence equals to any of {0，8，14}. 
If scheme 1 is adopted, the offset equals to the sequence of the midamble pattern(0, 1, 2, 3), the baseline signature sequence is 12 for the MU-MIMO users, therefore pattern 2A can not be used otherwise the signature sequence will conflict with UE6’s.So, midamble pattern1A/1B/2B should be allocated to the three MU-MIMO users by the NodeB. 
If scheme 2 is adopted, since the midamble shift of UE6 is 8, midamble pattern 2B related to midamble shift 8 can not be allocated to the MU-MIMO user. So, midamble pattern1A/1B/2A should be allocated to the three MU-MIMO users by the NodeB. Furthermore, in order to avoid the signature sequence confliction, the RNC can preconfigure the association between the midamble pattern and the offset. For the typical Uplink and Downlink time slots ratio configuration, the signature sequence corresponding to midamble pattern 2A/2B can be moved to the non-E-PUCH slots. If the Uplink and Downlink time slots ratio is configured as 2:4, E-PUCH is configured at TS2 while TS3~TS6 are downlink slots. The RNC can preconfigure the following association between the midamble and the offset as shown in table 2.
Table 2  RNC Preconfigured Association between the Midamble pattern and the Offset
	Midamble pattern
	offset

	Midamble pattern1A
	0

	Midamble pattern1B
	1

	Midamble pattern2A
	16

	Midamble pattern2B
	17


If table 2 is adopted, the signature sequence corresponding to midamble pattern 2A/2B can be moved to TS3. The signature sequences of the legacy HSUPA users and the MU-MIMO users will not conflict.

3）Compatibility
Scheme 1 works by adding an offset on the basis of the legacy HSUPA signature sequence calculation formula, thus it is well backward compatible with the legacy scheme. But Scheme 2 will conflict with the legacy UE sometimes. When Kcell equals to 10, for example, if C4（3）related to midamble shift 7 is allocated to legacy HSUPA UE1 and C4（4）is shared by the MU-MIMO user UE2/3/4, as mentioned in the above chapter, the users in the same time slot can not be allocated the same midamble shift, so only pattern1A/2A/2B related to midamble shift 9/10/8 can be allocated to the three MU-MIMO users. But the signature sequence numbers of UE1 and UE2 will be the same.
UE1：
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UE2：
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On the other hand, Scheme 1 needs only one formula while Scheme 2 needs two formulas. From the point of realization complexity, scheme 1 is better than scheme 2.
So, we suggest:

Proposal 1: the signature sequence in MU-MIMO should be determined by the following formula:  
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And the offset in the formula is associated with spatial user’s midamble pattern.

Proposal 2：Association between the Midamble pattern and the Offset is configured by higher layer.

3. Conclusion
Based on the above analysis, we suggest that:

Proposal 1: the signature sequence in MU-MIMO should be determined by the following formula:  
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And the offset in the formula is associated with spatial user’s midamble pattern.

Proposal 2：Association between the Midamble pattern and the Offset is configured by higher layer.
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