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1. Introduction

In Sorrento meeting, the followings were agreed

· Uplink reference signal sequence length is equal to the number of sub-carriers in the resource blocks,
· Either truncation or cyclic extension of ZC sequences is used, depending on the RB allocation size.
On the other hand, several companies proposed to apply computer generated sequences (CG based sequence) [6]

 REF _Ref174871430 \n \h 
[7]

 REF _Ref174871431 \n \h 
[8] especially for 1RB. These CG based sequences have larger number of available sequences with low CM and low cross-correlation properties than ZC based sequences (i.e. the truncation or cyclic extension of ZC sequence).

This paper discusses the reference signal generation method for PUCCH and PUSCH from several criteria such as the number of available ZC sequences, Cubic Metric (CM), cross correlation between different sequence indexes and cross correlation between different cyclic shifts.

2. Selection criteria for reference signal of PUCCH and PUSCH

PUCCH (1RB)
· PUCCH is multiplexed in code domain by using different cyclic shift sequences and block-wise orthogonal covering. All cyclic shift sequences are usually consumed within a cell. Therefore, different sequences are allocated to neighboring cells.

· Required SNR of ACK/NACK transmission is quite severe due to the very low target BER compared to other control signaling or data transmission.

· The most of the inter-cell interference would come from PUCCH of neighboring cells. Cross-correlation of reference signal among cells would be important.
Therefore, important selection criteria would be;

· Number of available sequences

· Lower or equal CM than that of QPSK  

· Low cross-correlation between different sequence indexes with same length.
PUSCH (1RB)
· The same sequence could be used among neighboring cells if PUSCH timing are synchronized and if the number of MU-MIMO UEs are small or zero. Therefore, the number of available sequences would be relaxed compared to that of PUCCH.
· DM-RS of PUSCH should be taken into account not only the cross-correlation between different sequence indexes of the same length but also the cross-correlation between different sequence lengths, because interference of different lengths would be more dominant than that of same sequence lengths.

· 1 RB may be used for UEs located in cell boundary under transmission power limited situation.

Therefore, important selection criteria would be;

· The same sequences with PUCCH

· Low cross-correlation between DM-RS with different lengths in addition to with same length.
· Low CM property
PUSCH (Larger than 1RB)
· For larger bandwidth, longer sequence length is required. So the sequence generation complexity or the memory to store the sequence would increase.
· DM-RS of PUSCH should be taken into account not only the cross-correlation between different sequence indexes of the same length but also the cross-correlation between different sequence lengths.

· Larger number of available sequences with low CM and low cross-correlation with same length can be generated in larger RBs.
Therefore, important selection criteria would be;

· Low cross-correlation between DM-RS with different lengths in addition to with same length.
· Implementation Complexity especially for larger bandwidth
Table 1 Selection criteria for reference signal of PUCCH and PUSCH.
	Criterion
	PUCCH
	PUSCH (1RB)
	PUSCH (>1RB)

	Required number of available sequences
	High
	Moderate
	Low

	Low CM
	High
	High
	Moderate

	Low cross correlation between same lengths
	High
	Moderate
	Moderate

	Low cross-correlation between different lengths
	Low
	High
	High

	Complexity
	Low
	Low
	High

	Note
	should be same as PUSCH DM-RS for 1RB
	should be same as PUCCH DM-RS
	


3. ZC based vs. CG based sequence
3.1. Number of available sequences and Cubic Metric
[4] raised an issue that power-limited UEs suffered from high CM uplink reference signal. Reserving ZC sequences with low CM for the power limited UEs was also proposed to avoid the power de-rating depending on CM of DM RS. However, the reservation and allocation of ZC sequences taking into account CM would be complex. In order to avoid this, elimination of ZC sequences with CM larger than QPSK can be applied as a simple solution. In this case, we have to take into account the number of available ZC sequences with CM lower than QPSK. 

Table 2 shows the number of available ZC sequences whose CM is lower than that of QPSK in case of truncation and cyclic extension [3]. Table 3 shows the number of available sequences whose CM is lower than that of QPSK in case of CG based sequences. 
Table 2 Number of available sequences with CM lower than QPSK (ZC based sequence).

	
	Truncation
	Cyclic extension

	# of RBs
	# of ZC sequences
	# of sequences with CM lower than QPSK
	# of ZC sequences
	# of sequences with CM lower than QPSK

	1
	12
	6
	10
	6

	2
	28
	8
	22
	12

	3
	36
	18
	30
	24

	4
	52
	24
	46
	24

	5
	60
	32
	58
	32

	6
	72
	38
	70
	38


Table 3 Number of available sequences with CM lower than QPSK (CG based sequence).

	
	Random CAZAC[7] 
	OZCL [6] 
	RAZAC[8] 

	# of RBs
	# of ZC sequences
	# of sequences with CM lower than QPSK
	# of ZC sequences
	# of sequences with CM lower than QPSK
	# of ZC sequences
	# of sequences with CM lower than QPSK

	1
	33
	33
	12

	12
	12
	12


3.2. Cross-correlation

Cross correlation with same sequence length

All CG based sequences [6] 

 REF _Ref174871430 \n \h 
[7] 

 REF _Ref174871431 \n \h 
[8] proposed would satisfy lower mean cross-correlation than ZC based CAZAC in case of truncation and cyclic extension. Meanwhile, [9] discussed the maximum cross-correlation of Random CAZAC. The maximum cross correlation of many of Random CAZAC would be larger than ZC based CAZAC.
Figure 1 shows BLER performance of QPSK R=1/2 with Random CAZAC and Cyclic extended ZC sequence under TU channel model in case of 1RB. From the results, the average BLER performances of them are almost identical. The other evaluation conditions are shown in Appendix A.
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Figure 1 BLER performance comparison between Random CAZAC and Cyclic extended ZC sequence.
3.3. Hardware complexity

While CG based sequences would require memory to keep sequence set, ZC based sequence can reduce memory to keep sequence set since Zadoff-Chu sequence can be generated by the calculation from the equation. Therefore, CG based sequence should be applied only for smaller bandwidth.
3.4. Discussion and proposal
PUCCH DM-RS

From the results CG based sequence, especially Random CAZAC, can provide the large number of sequences (i.e. 33 sequences) with low CM than QPSK and low cross-correlation than ZC based sequences. These properties obviously satisfy the selection criteria of PUCCH. Therefore, we propose CG based sequence for PUCCH.
PUSCH DM-RS (1RB)
CG based sequence also satisfies also the selection criteria of PUSCH DM-RS for 1RB. We believe that PUCCH DM-RS and PUCCH DM-RS for 1RB should be the same sequences. Therefore, we propose CG-based sequence for PUSCH DM-RS for 1RB too.
PUSCH DM-RS (>1RB)
The number of ZC based sequences with CM lower than QPSK for 2RB is 8 and 12 in case of truncation and cyclic extension, respectively. CM value for PUSCH DM-RS (>1RB) is relaxed because BLER performance is not so sensitive to CM values [5] . Therefore, these numbers can be increased by relaxing CM value threshold. If allowing about 0.4dB more than CM value of QPSK, 20 sequences can be available in case of cyclic extension as shown in Figure 2(2RB). These numbers would relax cell planning sufficiently. 
For PUSCH DM-RS (> 1RB), CG based sequence causes hardware complexity issue due to increasing memory for keeping sequence set. In addition, ZC based sequences can provide enough number of available sequences with relatively low CM because of longer sequence length. Moreover, for ZC based sequences, the cross-correlation between different ZC sequence lengths can be mitigated efficiently by applying appropriate RS sequence grouping discussed and proposed in [10] 

 REF _Ref174873948 \n \h 
 \* MERGEFORMAT [11] .
Therefore, we propose ZC based sequences eliminated lager CM sequences for PUSCH DM-RS (larger than 1RBs).
Because our proposal is the mix between CG based sequence and ZC based sequence, several CG based sequence might have large cross-correlation to ZC sequences with different sequence length. In this case, those CG based sequences should be excluded from sequence groups. Cross-correlation between different ZC lengths should be also evaluated before final agreement in any case.
4. Truncation vs. Cyclic extension for PUSCH DM-RS (>1RB)
4.1. Number of available ZC sequences with low CM value
From CM perspective, cyclic extension is preferable especially for smaller bandwidth (up to 6RB) with taking into account the distribution of CM values of each available sequences to mitigate the power de-rating depending on CM of DM RS, as shown in Figure 2[1] .
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Figure 2 Raw Cubic Metric of reference signal of truncation and cyclic extension.
4.2. Cross-correlation between cyclic shift sequences

In this section, we compare cross-correlation properties between cyclic shift sequences of truncation and cyclic extension. Interference signal is added only long blocks of reference signal part to evaluate the BLER performance degradation due to interference between different cyclic shift sequences, that is, long blocks for data transmission do not have any interference. The other simulation condition is show in Table 5 in Appendix B.
Figure 3(a) and Figure 3(b) shows BLER performance with QPSK R=1/2 and 16QAM R=1/2, respectively when 5 other different cyclic shift sequences are multiplexed as interference. From the results, there is no difference between truncation and cyclic extension in term of cross-correlation between cyclic shift sequences.
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(a) QPSK R=1/2



      (b) 16 QAM R=1/2

Figure 3 BLER performance with interference of other five cyclic shifts.
4.2.1 Cross-correlation between different sequence indexes

The mean, minimum and maximum cross-correlation was compared between truncation and cyclic extension in [3] . It was shown that the mean cross-correlation of truncation is slightly lower than that of cyclic extension.
Therefore, we compare BLER performance degradation due to cross-correlation between different sequence indexes of truncation and cyclic extension. Interference signal is added only long blocks of reference signal part as well as the previous evaluation. The number of interference signal is set as one with SIR=3dB for QPSK and with SIR=9dB for 16QAM. Random sequence hopping is used for desired signal and interference signal (sub-frame by sub-frame) without selecting same sequence between cells. In addition, cyclic shift hopping is also applied for randomizing performance fluctuation due to non-uniform cross-correlation among different ZC sequences (see Appendix C for BLER performance w/o cyclic shift hopping). The other simulation condition is same as Table 5 in Appendix B.
Figure 4(a) and Figure 4(b) show BLER performance with cyclic shift hopping to QPSK R=1/2 and 16QAM R=1/2, respectively. From the results, BLER performance of both cyclic extension and truncation are almost same irrespective of bandwidth. 
From the evaluation, we do not see any difference between cyclic extension and truncation from cross-correlation point of view.
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(a) QPSK R=1/2
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Figure 4 BLER performance with interference of different cyclic shift sequences with cyclic shift hopping.
5. Conclusion

This paper discussed computer generated sequences and Zadoff-Chu based sequences for PUCCH DM-RS and PUSCH DM-RS. In addition, truncation and cyclic extension per RB are compared for ZC based sequence generation method. From the discussion we propose as follows:
PUCCH

· Computer generated sequence
PUSCH (1RB)

· Computer generated sequence 

PUSCH (larger than 1RB)

· ZC based sequence eliminated lager CM sequences 
- Cyclic extension of ZC sequence

- Only ZC sequences with CM lower than QPSK is used
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Appendix A: Simulation condition for BLER comparison between CG-CAZAC and ZC based CAZAC

Table 4 Simulation condition.

	Parameter
	CG-CAZAC
	ZC based CAZAC

	RS sequence
	Random CAZAC[7] 
	Cyclic extended ZC

	Number of available sequences
	33
	10

	Number of available cyclic-shift
	6
	(

	Bandwidth
	1RB(180kHz)
	(

	Number of multiplexed UEs
	2 (only DM-RS is interfered)
	(

	Cyclic shift separation method
	Simple rectangular mask is used after IDFT in time domain
	(

	IoT
	6 dB (only DM-RS part)
	(

	Channel model
	Typical Urban 6-path (mobility: 30km/h)
	(

	Modulation and coding scheme
	QPSK R=1/2
	(

	Sequence hopping
	Yes
	(

	Cyclic shift hopping
	Yes (for evaluation with different ZC sequences)
	(

	HARQ
	No
	(


Appendix B: Simulation condition for evaluation of cross-correlation of CG-CAZAC and ZC based CAZAC

Table 5 Simulation condition.

	Parameter
	Value

	RS generation method
	Cyclic-extension, Truncation

	Bandwidth
	1RB(180kHz), 3RB(540kHz), 6RB(1.08MHz)

	Number of multiplexed UEs
	6  (only DM-RS is interfered)

	Number of available cyclic-shift
	6

	Cyclic shift separation method
	Simple rectangular mask is used after IDFT in time domain

	SIR of Power spectrum density
	0 dB (only DM-RS part)

	Channel model
	Typical Urban 6-path (mobility: 30km/h)

	Modulation and coding scheme
	QPSK R=1/2, 16QAM R=1/2

	HARQ
	No


Appendix C: Performance fluctuation due to non-flat cross-correlation of ZC based DM-RS
Here, we compare BLER performance degradation due to cross-correlation between different sequence indexes of truncation and cyclic extension without cyclic shift hopping. Interference signal is added only long blocks of reference signal part as well as the previous evaluation. The number of interference signal is set as one with SIR=3dB for QPSK and with SIR=9dB for 16QAM. Random sequence hopping is used for desired signal and interference signal (sub-frame by sub-frame) without selecting same sequence between cells. The other simulation condition is same as Table 5.

Figure 5(a) and Figure 5(b) show BLER performance without cyclic shift hopping to QPSK R=1/2 and 16QAM R=1/2, respectively. From the results, BLER performance of both cyclic extension and truncation are varied depending on allocated cyclic shifts especially for smaller RB size. This reason is that truncated or cyclic extended ZC sequences are not pure ZC sequence; therefore periodic cross correlation is no longer constant.
[image: image7.emf] 
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(a) QPSK R=1/2



      (b) 16 QAM R=1/2
Figure 5 BLER performance with interference of different cyclic shift sequences w/o cyclic shift hopping.
























































































































� In � REF _Ref174871285 \n \h � \* MERGEFORMAT �[9] �the number of available sequences is 120 including 12 Zero-correlation zone sequences (i.e. cyclic shift sequences). Therefore, the number of reference signal groups to be allocated to cells becomes 12.
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