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1 Introduction
[1] expressed a desire to better-utilise the capacity of the frame when used for DL-only operation and for extended delay spread support for SFN environments.

Document [2] and associated CRs [3], [4], [5], [6], [7] suggested a revised physical layer for MBSFN operation on dedicated carriers for 1.28Mcps TDD mode.

Modifications to the physical layer included:

· Revised burst structure (preamble rather than midamble)

· Revised pilot duration

· Revised pilot waveform to use Zadoff-Chu

· Amalgamation of DwPTS, GP and UpPTS into one slot of length 275μs

· Modified physical channels such as P-CCPCH, MICH etc… to fit within the short burst

In this document we present some binary pilot sequences that exhibit low noise enhancement factor and hence would be suitable for channel estimation purposes whilst retaining compatibility with the current channel estimation of Rel-7.

2 Pilot Design for Extended Delay Spread
The current 1.28Mcps MBSFN design supports 12.5μs of SFN delay spread.  In order to accommodate for increased delay spread tolerance, the cyclic prefix pre-pended to the pilot base sequence may be extended.  Lengths of 32 chips as proposed in [2] correspond to SFN delay tolerances of 25μs which are more in-line (although slightly shorter) with the suggested working delay ranges of [10] for SFN deployments.

The current specifications support a base code length of P=128 and a CP length of 16 chips resulting in 144 chips for the midamble.

The proposal of [2] proposed a base code length of P=64 and a CP length of 32 chips giving a total length of 92 chips.

Alternatively, one may consider alignment of the MBSFN burst structure with that used for the physical channels in Rel-7 in one of two ways:

· Keep the midamble base code length (128) the same (no need for additional base sequences) and lengthen the CP

· Keep the overall length of the midamble field unchanged (144 chips), and hence shorten the base code to make room for the extended CP

For efficient FFT-based channel estimation implementation, it is advantageous for the prime factors of the base code length to be small.  In this sense, P=128 (as per the current specification) and P=64 (as per [2]) are optimal.  However, base code lengths with small prime factors can also be considered.

We therefore consider the following three candidates for the pilot design:

1. Base code length 64, CP length 32 (total length 96)

2. Base code length 108, CP length 36 (total length 144), {prime factors 2,2,3,3,3}
3. Base code length 128, CP length 32 (total length 160)

Option (3) involves no additional sequence design work compared to Rel-7 and we therefore do not treat this further here (although it is still a valid option).  Sequences for options (1) and (2) are presented in the following section.

2.1 Sequences
Channel estimation may be improved via the use of zero-forcing techniques so long as the sequences are appropriately designed to minimise noise enhancement.  The following sequences are the result of a random computer search for sequences with noise degradation lower than 0.5dB.
The maximum auto-correlations are shown for the two base sequence lengths P=64 and P=108 in Figure 1.  The maximum cross correlations between sequence pairs are shown in Figure 2.
The sequences themselves are tabulated in Table 1.
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Figure 1 – Maximum auto-correlation for non-zero-lag
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Figure 2 – Maximum cross-correlation
	Base Code Length P=64
	Base Code Length P=108

	E9CFF625B0F46AAC
	1B3A6642175114F3080D07AD3E5

	F2579FBD059D13AC
	BAE5FA9F1FC0035B3CA6AD33672

	1D3ECDF4A7085D79
	EAFE011AE8EDBCE7D5AD362F02C

	140FA12651CD4E6C
	B30CB4414AF6A884268687C43F9

	CA61138315E1527E
	F2FB10891F861FCBA65CDEA9A9E

	3E72B3D7F4C245F1
	F1D4A09B3DC928D4C23F7E4FCD5

	8882A6D661CBDC06
	A4140A75E1E89BF148B28A39994

	99C5B5073E898150
	55DC26285BEBDC86C1D2C106724

	9B53EE2F3E4A22D7
	B4F06ECE6957389DA20BEDEEE1E

	0EDCB61255702073
	7E6F5DF5828CEC696C1B7475385

	D9947A7803215610
	CDA9ACCEFE3AD78F02CA375F604

	F92AC23B770E9F96
	6346A82FDBBC422938265C4706B

	96AEFB07B1D9A316
	396589A0D6BC40E898986A23DF5

	19B241407F1C7529
	3F9E1B30A404A3D882A8F255391

	5A832120EBB90799
	D09D9B02D3C9608BC610045563B

	7595327D06C6021A
	33D28EE11A8B9B7F5BE162FE349

	43FAF3C44ED534D7
	D0CC5E143ED75A2880396443C49

	98F66A96801C59E8
	8A887D7E852D966688F885B1A10

	C47CA4B37EFAA71E
	EFB2EA94294D77888FE4EC8F8F3

	6AF40648331F6A68
	0A446921C2F04466EA83BCB7ED1

	7B3B2AC108593CA0
	5F1ABE31B4C24816FF52CDDC67C

	D4C01A3D8DBA18A2
	EA56021E2304545DAC3F60994F4

	19086C6AA7A459EC
	1173605729092C8AD0675F3E871

	C8A900FA58C6C762
	142768535F7770CB6FCDEEA751F

	400AF64E5351A703
	7CE2ECD6F8433F0AC43527EBEBA

	E12AE9E77F09B3B2
	427F8954699A7B22F3F3CBB8B4A

	95E7A9980B822DE0
	C9197F41AE69488506D8EC60715

	0C5241D9152B9FC1
	5724DB53732B470358FC8014311

	8D4864B822BEE5E0
	7DE35A50CA3915E0C0EB32223B2

	77A694E8F882EDDE
	D29F76BC1F4822AB2CEE14664FB

	9777DE1944EC5AFC
	D6E3AE57D175F3257E6D23049C9

	BC99FA6EB0AC158F
	59384BE9A0CEE6881190AE197E1

	035D1D2997A1CD22
	896DF11047160BD4458091B78DE

	4E06DDEA1C641352
	9079DB763BE7FA513A92FC68A9A

	0D10A8B6392B3BC4
	AFDE7796A75F8269E99F0B3A299

	6FAE6FC3130F6AB4
	28111F9B51CF611D28FA2164D85

	107A36768D208EA6
	1588B7EC7063684CF525F74F2FB

	66545ACD3F0840F8
	A0823A736893F82F39C97AF5D9D

	09EDC49B3C871015
	6B8BFE2C472D018B36977A7BB0C

	1261EAD4C1BCC414
	6F7F9C226585E0EB4E89EEA2771

	EBFA33B063DB2D47
	144117AF4193AB37213D0DF0C21

	ACDBF0F5882BADCC
	AA1D85FC5173A5317C68311026D

	6B6473EFC27854DD
	8C7272AB834BEBD003C03364A65

	8365342D50311CFB
	F919074D52E9439EC68F6D57ECF

	6631D50DB400B17A
	A577D830952E86FA3CE13B79BBB

	CECF2D4F9A02FA7D
	AF548CED86F8AEBF3B69C0E681D

	5BB10E1745101B58
	B421B80A24D8EA29D7B172183A6

	75DF0985E52ECD5E
	659D41C29C045CCA7D0A169BE65

	115864F4650FB4E8
	F323D3F39A54FE6D0EBAFA37408

	8C220D22FC495B8E
	FAAF61F1E0857E72CCCAD0C6FB6

	2A245FC53252131C
	85EB4DFBB1754527384E1B7D91A

	0510BF62E32C0B2B
	83948F2691507EECCC2AF086294

	72D37FF45C16ACCC
	73D0517F011206C74E7A53259AA

	A8429371660BAF09
	F50CB3A377ABF92C3C22FA348C7

	4A76533E24F1D011
	01928AB86723434D93E942BF98C

	4D9EB4422780E505
	97BEE9F62CEC6E23DAA43ECC105

	8D4F5B3FA2C18AF9
	747EE5ADE4E91C920FFB0E8CAA7

	4EADFEC65C92B8F8
	5B62DC780F6CF945EFDEC44B511

	E2A6896F37E2B5FC
	0309F34EB313297C7C08F695144

	10250BEB861BC8C9
	58477151AF50D9A07B76C6032C2

	8CFAF1641ACCBDBE
	E26A774BFC8BAB4E25F7C322519

	DBB3114D70C1FA5F
	8F5173D40B406842E7930197632

	BD5905AF3278DF79
	F31650C80656E514FE6AF0C0B25

	792E30D8B9AFDF21
	40370921721A5C4F181579D7AA2

	58D14DAF8166018D
	7CBCF776216F0EB6E1D0239AEB0

	CFC6FD965657A8C1
	0206529C5B548EACC3E8669BB86

	94428BBDAE40E6C0
	FDF066D8098C6FA5EA3DBDAB8B1

	80EE6AE74BCB9F65
	312E141C9585743BF3D560132CA

	FDB3DB5238EE3622
	9BF7E0C5C5745AC22D300D88C52

	D9E9DE34BEC53055
	3FD31953752EB816E581E9C727F

	CCBAEF569098F83B
	97F66716082A7686228F49806E2

	5353F3248E5423C0
	3E2F3B965CD2DC2370828BFD3B9

	54B1DDED9D34FE0A
	73E9876552A40DC9C14400F69AC

	3533012E8F96A388
	44A58589824DA0F62545C718FFD

	841CED368581511B
	ACC7ACAC8F45E943B20CD80016B

	2ACFFB86BE6E4F41
	D26F36240A273C054230F50D8D7

	025B85F8D1536309
	65E6C4C77554ADA120DFA7DE31F

	1F2DDF1B8D2075F5
	11D3C441581EEB4DAE54C0B60D1

	0EC6F20E28895683
	63E7A7C09ED5410CDA77DED5DA6

	A9240C81ED186E7A
	84849C26EF13F0F4634CA418AAE

	5ED37760386D71ED
	7FDD8F8A0D8A6E7B02D6DD4A3BC

	A6FEEF9239E874D6
	32222F9A821716CBDA3D943942C

	AC7BE0929AE67C5E
	25D98161B7FAC75AEB93D8B9ABC

	DEE154F4D3260250
	43D480A2630CD9458CB41FF560F

	22BC2181C4BB7368
	74D85D43200BCF1900E9846F4AD

	6F8A8EF7DAD189B0
	5B6C42C538EE4BBBE3E2F7413AB

	3ACE6860FF56DABF
	E4AF83A0828A34F66EC12EF5314

	02B27CA239789592
	8349047B1D4A05D91AD3F461A32

	B52711F36DEEE157
	21AE1D732342F594C6C150069B6

	4A1FBB8F6E2ED274
	C5311A0DB5040D4C58214FACFF8

	35A247847357D8A0
	6499F5FFA36AD47B828AF9C8E4D

	28ED8A37BF8F94DC
	1EFC86B3622271AC681222D87D4

	0D839C84A820D76E
	3F21D12E682B9D293E9E7320214

	F2DDAB1B8A20F7D3
	37ABD38208D59045B2C7911D835

	2802E783BAC524E4
	848EA0875BAF832E4490FD4B098

	1D3D84BB26A1088A
	892FFE3609A9074B8C700D4CA9A

	BAADAFC09333CF35
	8A80DDED14F1F95BE657E9DB651

	0F3DB08AB4AF337E
	74B9C1AEA086F5DB66F0F52EE6E

	FD164FD4C611EBCB
	41A425956030FD44CC51A3CCFFA

	0A17822898437B37
	D9E22B6182EE9FEA57B5F3A3243

	411508267CE4962F
	DCCFA1AEA1C09D692E9B3470BFD

	BB8FA4BFA31172E5
	0C8E076C4A3DE84A0BBEB146094

	6A51FD88A182C938
	50E876C88971D50011C91CFE25A

	FED07342154CC168
	000938ACA2574E97C1B18F98B7A

	5050C4DAF148BF09
	94A817EFCD8B5C96798F3653D15

	F39E9DEDAA8127C4
	2023427BD1C7B14954E83827959

	EC8C5FBC7E8BA529
	E6BD11CB96FE304D65C0C54FD3E

	1D1DB08F650A106D
	8DB154C010D9E904786279568FC

	F753B2686BC60BEE
	4A0722BB5E926F88394713066EA

	CA7CB908B944608B
	D24FF7EE13D8B61E1CACC35D499

	63D63B9FDBB20BE9
	DFF342B843E86C5CD4E1E6F534D

	8E8EF361DEB7C426
	69AF376BDE062EB30983F1BF54B

	8A5885F6668A4782
	F17712D5BC708EDA13458284033

	6CFD7067115B6EA5
	2C5FCF086650AC86EA803D0DB1E

	13706501389A7D4A
	71EC0CE6874EBCFF554C5B5E893

	C442AF2BF2DB727B
	2765726DF0EB0EFDD06529C0D7F

	8C1134313C0B51AF
	077725ADC7E8068F37DF7175EB9

	365BB81625056784
	89D720959D179278E7E41210B62

	24505F3066BF168C
	F147C43DDF14AA360C96D665EF7

	B03E54F79D9D5BEC
	F05DA2EED7B6B7185D71031E3F4

	50D4D039D6C9EE04
	57E54D59CC69327C1BF9F3DD28B

	D9AAD3103D80A0C2
	4550D9ABC1BA78DE90414DC427A

	BC9F39BD36E5023A
	416AC5692E621F105C3401937D7

	E5840F66ABC8C90A
	0AF08E6CB1BDAA247AFE67C7534

	8DE60D5915BEFC76
	FF460E6D7F8EF92661A8AB4B05E

	D4D1F446B3610622
	DB828BE27E24533EF75A79EA561

	0F055E92C9D39844
	99442A2B8DB0908F99F6A5EF070

	2136AE5187ED0741
	E1A76C588F67D22382A241A484F


Table 1 – Binary Sequences
3 Conclusion

A computer-based search has been run to find binary sequences of length 64 and 108 which exhibit low noise degradation factors and which may be used in the event that the base code length of the pilot field is decided to be changed for dedicated carrier 1.28Mcps TDD MBSFN.

Sequence pairs with low cross correlation exist and the next stage would be to determine how many sequences are required such that the presented set may be pruned.  Alternatively, a cross correlation criterion could be built into the computer search process to try to find more sequences.
The presented sequences are compatible with the waveforms used for 1.28Mcps TDD and hence with existing channel estimator designs.

If the base code length is not altered (length of 128), no new sequences are required.
4 References

[1]
R1-074056 “More improvement requirements on dedicated carrier for LCR TDD MBMS”, China Mobile, RAN WG1#50bis, Shanghai, China, 8-12 October 2007
[2]
R1-074111 “More Physical Layer Improvements on Dedicated Carrier for 1.28Mcps TDD MBMS”, CMCC, RITT, TD-Tech, ZTE, Spreadtrum Communications, CATT”, RAN WG1#50bis, Shanghai, China, 8-12 October 2007
[3]
R1-074112, CR037 25.201 “More improvement on dedicated carrier for 1.28Mcps TDD MBMS”
[4]
R1-074113 CR148 25.221 “More improvement on dedicated carrier for 1.28Mcps TDD MBMS”
[5]
R1-074114 CR141 25.222 “More improvement on dedicated carrier for 1.28Mcps TDD MBMS”
[6]
R1-074115 CR115 25.223 “More improvement on dedicated carrier for 1.28Mcps TDD MBMS”
[7]
R1-074116 CR171 25.224 “More improvement on dedicated carrier for 1.28Mcps TDD MBMS”
[8]
R1-071733 “Burst format for TDD MBSFN”, IPWireless, RAN WG1#48bis, Malta, 26-30 March 2007
