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1. Introduction
Special default Mid-amble allocation technology utilizes space divided among different users to form different channels, and the same physical resources can be multiplexed by users who have a certain spatial segregation, so as to achieve the purpose of improving cell capacity.
2. Analysis of special default Mid-amble allocation
2.1 Proposal of multiples in Space Division Multiplexing
The downlink reception of single antenna terminal can only rely on beamforming to suppress other user's interference, inevitably there will be some leakage. Even if non-interference of channel estimation among air separation users can be guaranteed by Mid-amble shift , but data sections can still be interfered by other space division users, so a certain degree of spatial segregation among users must be guaranteed. Therefore, the downlink multiplexing factor should be limited by  a certain degree of spatial segregation among users, and can support up to 2 ~ 4 times.
Base station have antenna 8 for uplink reception, so multiples of air separation supported by uplink is greater than by downlink, in theory, can be up to 8 times multiplexes.
To be in line with the multiplexing multiple between the uplink and downlink ,we suggest that :

Suggest 1: 2 ~ 4 times space division should be supported by uplink and downlink.
2.2  The allocation scheme of Mid-amble 
Before SU-MIMO was introduced, there were three allocation schemes of Mid-amble, including Default, Common, and UE Specific. The default allocation scheme is to band the code channel resources with the Mid-amble shift, different code channel resources and different Mid-amble shift (i.e. search window) are occupied by different UEs. 
In order to support dual stream transmission, a new special default mid-amble allocation scheme is introduced in SU-MIMO. Special default mid-amble allocation scheme is the expansion of Default mid-amble allocation scheme, and code channels are still corresponding with Mid-amble shift
Up to 4 times space division should be supported in uplink and downlink after special default Mid-amble allocation introduced, in order to support the Mid-amble code allocation both in condition of multiple space division in special default Mid-amble allocation and dual stream in SU-MIMO, we suggest:

Suggest 2: Special default mid-amble allocation scheme should be expanded for special default Mid-amble allocation.

2.2.1  Allocation scheme

The mid-amble allocation scheme for special default Mid-amble allocation is :
1) According to the multiple of space division and the number of code channels shared by space division users, the formula km = [Ncodesdma / (16 / K) / Nsdma] should be used for calculating the allocated Mid-amble resources for every space division users;(where, Ncodesdma is the number of code channels corresponding to the spreading code allocated for each space division users, K is the maximum number of intermediate code configured by system;, Nsdma is the number of air separation users.) 
2) Allocate mid-amble code for each space division users in turn, that is, the Mid-amble code number corresponding to the user i is from [(i-1) * km + Default (m)] to [i * km + Default (m) - 1]; (Default (m) is the serial number of mid-amble code corresponding to the user’s start code channel) 
3) For users who supporting the SU-MIMO dual stream, the search window should be further allocated by turns.
Figure 1 showed the allocation result of search window for four times space division users:
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Figure  1  the allocation result of search window for four times space division users
In order to reduce the difficulty of achieving, considering the maximum space division multiple possibly used for special default Mid-amble allocation users according to the analysis above, the Mid-amble code allocation scheme can be simplified, the table of user’s Mid-amble corresponding to spread-spectrum code are generated by using the fixed four multiples space division. The example when K=8 is given below:
· Space division user 1 corresponding to the Mid-amble code table pattern 1:
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Figure 2 ：pattern 1
If SU-MIMO is supported by space-division user 1, the stream 1 is corresponding to the window m(1) and the stream 2 is corresponding to the window m(2); 
· Space division user 2 corresponding to the Mid-amble code table pattern 2:
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Figure 3：pattern 2
If SU-MIMO is supported by space-division user 2, the stream 1 is corresponding to the window m(3) and the stream 2 is corresponding to the window m(4); 
· Space division user 3 corresponding to the Mid-amble code table pattern 3: 
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Figure 4：pattern 3
· Space division user 4 corresponding to the Mid-amble code table pattern 4:
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Figure 5 ：pattern 4
2.3  The proposal of Control Channel expansion
In case of multiple space division, the search windows corresponding to the shared code channel resource occupied by every space-division UE need to be distinguished. Therefore, instruction should be added in the control channel, at the same time transmission of control signaling should be supported by the expanded control channel in non-MIMO mode, SU-MIMO mode and special default Mid-amble allocation mode of 2~4 times space division, also coexistence of SU-MIMO mode and special default Mid-amble allocation mode should be supported.
Proposal 3: Expanding the control channel to support 2~4 times space-division multiplexing and co-existence of special default Mid-amble allocation and SU-MIMO. 
2.3.1  Design of HS-SCCH control channel for 46-bit length
HS-SCCH TYPE2 is used for MIMO mode and divided into three different types:
1 TYPE2-A: This type of HS-SCCH channel structure is used for single-stream transmission in MIMO mode, including pure single-stream transmission and single-stream transmission of special default Mid-amble allocation which supports 2/3/4 user space division. (See Figure 6). 
· TypeFlag is the flag information and set to 01;
·  FLAG is the flag information, FLAG = 0 indicates the pure single-stream transmission state in MIMO mode, FLAG = 1 indicates the single-stream transmission state in special default Mid-amble allocation. 
When FLAG = 0 (see Figure 7), all 6 bits of CCS are used to identify the channelization code set information, the minimum particle size of code channel is two SF = 16 code channels, and xccs,1, xccs,2, …, xccs, 6 = “111000” indicate SF = 1. 
When FLAG = 1(see Figure 8), the space-division user’s number namely the assigned Mid-amble code group needs to be further distinguished, the following scheme should be applied:
· The first two bits of CCS identify the space-division user’s number: 00 – identifies the space-division user 1; 01 - identifies the space-division user 2; 10 - identifies the space-division user 3; 11 - identifies the space-division user 4; 
Table 1 Mapping of the first two CCS bits
	The space-division user’s number
	Mid-amble Table
	xccs,1
	xccs,2

	1
	pattern 1
	0
	0

	2
	pattern 2
	0
	1

	3
	pattern 3
	1
	0

	4
	pattern 4
	1
	1


· The remaining four bits of CCS is used to identify the user's code channel allocation information, the minimum particle size of code channel is four code channels of SF = 16, and xccs,3 xccs,4 xccs,5 xccs,6 = ‘1100’ indicate SF = 1;
Table 2:  Mapping of the last four CCS bits
	kstart
	xccs,3
	xccs,4
	kstop
	xccs,5
	xccs,6

	1
	0
	0
	4
	0
	0

	5
	0
	1
	8
	0
	1

	9
	1
	0
	12
	1
	0

	13
	1
	1
	16
	1
	1


2 TYPE2-B: This type of HS-SCCH channel structure is used for dual stream transmission in SU-MIMO mode and the SF of HS-PDSCH is 1, (see Figure 9). 
·  TypeFlag is the flag information and set to 10;
3 TYPE2-C: This type of HS-SCCH channel structure is used for special default Mid-amble allocation that supports twice space division and the SF of HS-PDSCH is 1(see Figure 5). 
·  TypeFlag is the flag information and set to 00; 
· The Mid-amble code group allocated for space-division users is indicated by the state of CRC, the normal CRC indicate the space-division user 1 and the polarity reversal CRC indicate the space-division user 2. 
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Figure 6 MIMO mode expansion of HS-SCCH channel structure TYPE2-A
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Figure 7  pure single-stream mode, TYPE2-A configuration
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Figure 8: special default Mid-amble allocation single-stream mode configuration TYPE2-A
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Figure 9 MIMO mode expansion of HS-SCCH channel structure TYPE2-B
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Figure 10 MIMO mode expansion of HS-SCCH channel structure TYPE2-C
2.3.2  Design of HS-SCCH control channel for more than 46-bit length
HS-SCCH TYPE3 is used for MIMO mode and divided into two different types:
1  TYPE3-A: This type of HS-SCCH channel structure is used for single-stream transmission in MIMO mode, including pure single-stream transmission and single-stream transmission of special default Mid-amble allocation which supports 2/3/4 user space division. (See Figure 11). 
·  FLAG = 0 indicates the pure single-stream transmission in MIMO mode, the channelization code set information is composed by CCS1 and CCS2, the minimum particle size of code channel is two SF= 16 code channels; xccs,1, xccs,2, …, xccs, 6 = “111000” indicate SF = 1; 
· FLAG = 1 indicates the single-stream transmission in special default Mid-amble allocation mode, [CCS1,CCS2] have six bits, the assigned Mid-amble code group needs to be further distinguished, and the following scheme should be applied: (see Figure 12):
· The two bits of CCS2 indicate the space-division user’s number: 00--identifies the space-division user 1; 01--identifies the space-division user 2; 10--identifies the space-division user 3; 11--identifies the space-division user 4;
Table 3 Mapping of CCS2
	The space-division user’s number
	Mid-amble table
	xccs2,1
	xccs2,2

	1
	pattern 1
	0
	0

	2
	pattern 2
	0
	1

	3
	pattern 3
	1
	0

	4
	pattern 4
	1
	1


· The four bits of CCS1 are used to identify the user's code channel allocation information, the particle size of code channel is four SF = 16 code channels, XXXX = “1100” indicate SF = 1;
Table 4: Channelisation code set information mapping 
	kstart
	xccs1,1
	xccs1,2
	kstop
	xccs1,3
	xccs1,4

	1
	0
	0
	4
	0
	0

	5
	0
	1
	8
	0
	1

	9
	1
	0
	12
	1
	0

	13
	1
	1
	16
	1
	1


2 TYPE3-B: This type of HS-SCCH channel structure is used for dual-stream transmission , including dual-stream SU-MIMO and dual-stream special default Mid-amble allocation.
·  FLAG = 0 identify the dual-stream SU-MIMO transmission, the four bits of CCS1 are used to identify the user's code channel allocation information, the minimum particle size of code channel is four SF = 16 code channels, XXXX = “1100” indicate SF = 1;
·  FLAG = 1 identify the dual-stream special default Mid-amble allocation transmission, the first bit of CCS1 indicates the space-division user’s number, the second and the third bit of CCS1 indicate the code channel allocation information, the minimum particle size of code channel is eight SF = 16 code channels, XX = “10” indicate SF = 1; the forth bit of CCS1 is reserved;
Table C Mapping of CCS1
	The space-division user’s number
	Mid-amble table
	xccs1,1

	1
	pattern 1
	0

	2
	pattern 2
	1


	kstart
	xccs1,2
	kstop
	xccs1,3

	1
	0
	8
	0

	9
	1
	16
	1


TYPE3-A and TYPE3-B are distinguished according to whether TBS1 and TBS2 are all zero
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Figure 11 MIMO mode expansion of HS-SCCH channel structure TYPE3-A
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Figure 12 MIMO mode expansion of HS-SCCH channel structure TYPE3-B
3. Conclusion
In this paper, analysis and proposal for specification revising are given when special default Mid-amble allocation is introduced in 1.28Mcps TDD HSPA + system, and recommendations are given that:
Proposal 1: 2 ~ 4 times space division should be supported by uplink and downlink; 
Proposal 2: Special default mid-amble allocation scheme should be expanded for special default Mid-amble allocation; 
Proposal 3: Expanding the control channel to support 2~4 times space-division multiplexing and co-existence of special default Mid-amble allocation and SU-MIMO. 
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