TSG-RAN WG1 Meeting #47
R1-063183 
Riga, Latvia, November 6 - 10, 2006
Source:
Panasonic, NTT DoCoMo
Title:
Narrow band uplink reference signal sequences and allocation for E-UTRA
Agenda Item:
6.4.2
Document for:
Discussion and Decision
1. Introduction

In the Tallinn meeting, conventional Zadoff-Chu sequences was agreed as uplink reference signal sequence.  Supporting uplink frequency channel dependent scheduling was also agreed. In addition, the minimum resource block (RB) size was agreed as 12 sub-carriers of long block per RB [1] .
The remaining issues of uplink RS design are 
· Multiplexing of distributed “sounding” RS and “channel estimation” RS for demodulation.

· Number of reference signal sequences and allocation
as shown in the summary of reflector discussion [4] and most of contributions.

In this document, we discuss the number of RS sequences and allocation among adjacent cells to increase the number of root ZC sequences and to mitigate inter-RS sequence interference in case of narrow band data transmission, i.e. 1 or few RBs. 
2. Discussion
The number of available root Zadoff-Chu (ZC) sequences depends on the sequence length of ZC. If the sequence length N is prime number, N - 1 sequence is available as reference signal. 
As the uplink resource block (RB) size is 12 sub-carriers of long block (LB), the short block size transmitting reference signal is 6 sub-carriers. In this case, in localized RS transmission, the sequence length of ZC is 5 (prime number), and the number of root ZC sequences is only 4 sequences available. This will lead a difficult and complicated cell-planning and RS sequence allocation.
In the following sections, we discuss the reference signal structure for demodulation and sequence allocation for one or few RBs transmission as follows, to increase the number of root ZC sequences and to reduce inter-ZC sequence interference. Some contributions have also been discussed on this issue and proposed similar solutions.
· Usage of a wider minimum transmission bandwidth than one RB [3] [4] [7] 

 REF _Ref149959724 \n \h 
[9]  
· Orthogonal sequence allocation for a cell and cells of the same eNodeB [7] 

 REF _Ref149959750 \n \h 
[11] 
2.1. Minimum RS transmission bandwidth

If wider RS transmission bandwidth than one RB is applied, the number of available root ZC sequences can be increased according to the number of sub-carriers of SB as shown in Table 1.
Therefore we propose the minimum bandwidth of RS should be larger than the minimum RB size, (i.e. the minimum bandwidth of RS is twice or three times of a RB).
Table 1 RB size of RS and the number of different ZC sequences.

	RB size of RS
	ZC sequence length N (prime number)
	# of ZC sequences

	1 RB (6 subcarriers)
	5
	4

	2 RB (12 subcarriers)
	11
	10

	3 RB (18 subcarriers)
	17
	16


The minimum RB size was defined as appropriate bandwidth for small data transmission, such as VoIP packet. In addition, the minimum RB would be allocated not only for small data packet but also the data transmission of UEs located in cell boundary, especially in case of severe noise limited environment [3] . In this case, the power spectrum density (PSD) of RS becomes smaller than that of data. If 2 or 3 RB RS bandwidth is applied, the PSD of RS becomes -3dB or -4.8dB compared with the PSD of data transmitted in a RB, respectively.
Meanwhile, co-channel interference mitigation can be obtained [6] as shown in Table 2. This co-channel interference mitigation property may help to retain channel estimation accuracy even when using 2 or 3RB transmission of RS, but the BLER performance should be evaluated.
Table 2 Co-channel interference mitigation among different ZC sequences.
	Sequence length N
	Co-channel interference power
	Difference from

N=5

	5
	-6.99 dB
	---

	11
	-10.41 dB
	3.42 dB

	17
	- 12.30 dB
	5.31 dB


If sufficient channel estimation accuracy is not obtained, the following approaches can be applied.
· Utilization of long block reference signal should be considered for narrow band data transmission with or without wider RS transmission. This provides twice of the number of root ZC sequences, increasing the number of available cyclic-shift sequences, and more accurate channel estimation. On the contrary, RS overhead and complexity could be also increased. 
· Interference randomization using RS (ZC sequence) hopping [3] [11] and inter-Node B coordination of RB allocation or frame timing [3] may be used as a solution. 

· Truncation of the ZC sequences longer than SB subcarriers [8] could be applied. The number of root ZC sequence can be increased but still only 6 sequences are available, if channel estimation error is negligible.
Proposal

· The minimum bandwidth of RS should be larger than the minimum RB size.
· If around 10 ZC sequences are enough, two RBs are preferable for the minimum RS bandwidth. 

· If more than 10 ZC sequence are required, more than two RBs of the minimum RS bandwidth or utilization of long block should be considered.
2.2. Orthogonal sequence allocation
For SIMO case

As discussed on downlink reference signal in Tallinn, Mutually orthogonal RS sequences allocation for uplink should not be limited to one cell, should be allowed to allocate cells which synchronizes frame timing, i.e. cells of the same eNodeB [13] .

In the uplink reference signal discussion in RAN1 so far, the number of available orthogonal sequence, i.e. cyclic-shift sequence of the same ZC sequence, is up to 6.  If we apply the 2 RB of RS bandwidth, the maximum number of UEs to be multiplexed is two in case of SIMO [7] 

 REF _Ref149959750 \n \h 
[11] . Therefore, the remaining cyclic-shift sequences can be shared among cells associated with the same eNodeB as illustrated in Figure 1, because frame synchronization is established among the cells.  If more than 3 sectors, the cyclic-shift sequences can be re-used to different cells of the same eNodeB. 
In this allocation, the number of root ZC sequences is not increased, however, the distance between the cells allocated the same ZC sequences is increased. As a result, inter-cell interference of RS can be mitigated.
In addition, when allocating multiple cyclic-shift sequences to one cell, allocating cyclic-shift sequences which are not consecutive profile detection window would be preferable as shown in Figure 2. It would help to reduce channel estimation error when multipath delay exceeds cyclic-shift duration. 
For MU/SU-MIMO case

If multi-user MIMO or single user MIMO is applied, more number of orthogonal RS has to be allocated to the same RB. In this case, the combination of ZC sequence and block-wise orthogonal sequences, i.e. Hadamard code, can be applied for 2 or 4 consecutive SBs within a TTI as additional orthogonal sequences [2] 

 REF _Ref149959720 \n \h 
[7] 

 REF _Ref149959942 \n \h 
[10] 

 REF _Ref149959750 \n \h 
[11] .

This approach can increase the number of orthogonal code with simple implementation as discussed in [11] . Meanwhile, the orthogonality among different Hadamard codes is restricted to the Doppler spread of the channel.  According to [10] , the mobility range to keep best orthogonality is 0 - 50km/h.  

MU-MIMO and SU-MIMO may be applied for low mobility UEs which are allocated uplink RBs based on estimated channel quality prior data transmission with frequency channel dependent scheduling. Therefore, we believe the orthogonal RS sequence composed of ZC sequence and block-wise Handmaid code can work well in the most of case for MU/SU-MIMO transmission.
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Figure 1 Cyclic-shift sequence allocation among cells of the same eNodeB (in case of cell reuse: 9)
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Figure 2  Cyclic-shift sequence allocation with large shift duration in a cell (6 cyclic-shift sequences)
Proposal

· Cyclic-shift sequences of the same root Zadoff-Chu sequence should be allowed to be shared among the cells of the same eNodeB, especially for narrow band RB and RS transmission 
· Block-wise Hadamard code can be used as additional orthogonal sequences within a cell for MU/SU-MIMO transmission.
3. Conclusion
In this document, we discuss the number of RS sequences and allocation among adjacent cells to increase the number of root ZC sequences and to mitigate inter-RS sequence interference in case of narrow band data transmission, i.e. 1 or few RBs.
From the discussion, we support 
· The minimum bandwidth of RS should be larger than the minimum RB size.

· If around 10 ZC sequences are enough, two RBs are preferable for the minimum RS bandwidth. 

· If more than 10 ZC sequence are required, more than two RBs of the minimum RS bandwidth or utilization of long block should be considered.

· Cyclic-shift sequences of the same root Zadoff-Chu sequence should be allowed to be shared among the cells of the same eNodeB, especially for narrow band RB and RS transmission 
· Block-wise Hadamard code can be used as additional orthogonal sequences within a cell for MU/SU-MIMO transmission.
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