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1. Introduction 
This contribution is an update [1]. In RAN WG1 meeting#50bis in Shanghai it was decided that, when sent on the PUCCH, the two-states Scheduling Request Indicator (SRI) was transmitted with On-Off Keying on a structure based on ACK/NACK design [7]. For the normal CP structure, in each slot, the length 7 sequence is split into two orthogonal sequences, length 3 and length 4, as illustrated in Figure 1. A length-2 orthogonal code covering the two sequences allows multiplexing up to six UEs per cyclic shift [2]

 REF _Ref189459066 \n \h 
[3]. Using six cyclic shifts out of twelve available per 180 kHz frequency resource block (RB) this SRI channel can multiplex 36 UEs per RB and per sub-frame (1ms). Given a desired SRI period of 10ms per UE, and assuming SRI channels are continuously allocated along one RB, the SR capacity is 360 UEs per RB, which is in-line with the estimated number of UL synchronized UEs in 5 MHz [8]. A similar reasoning yields 240 UEs per RB with the extended CP structure. As for ACK/NACK and CQI, slot hopping within a sub-frame is enabled across the two PUCCH regions at both UL system bandwidth edges. In this contribution, we propose a channelization structure for SRI.
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Figure 1: SRI transmission per slot on PUCCH for short (left) / long (right) CP structures
2. SRI resource indexing
2.1. Normal CP

The set of orthogonal covering sequences is defined as follows [4]:

· Block spreading 1: {c1,1, c1,2, c1,3} chosen from {(1,1,1,1), (1,1,-1,-1), (1,-1,-1,1), (1,-1,1,-1)} (see Table 1 below)

· Block spreading 2: {c2,1, c2,2, c2,3} = {(1,1,1), (1,ej2pi/3, ej4pi/3), (1, ej4pi/3, ej8pi/3)}
· Block spreading 3: {c3,1, c3,2} = {(1,1), (1,-1)}
Similar to the ACK/NACK channelization structure, only three out of the four sequences are used in each slot for block spreading 1. The best subsets of three sequences are defined to minimize the interference in high speed as follows [6]:
	Set index (Si)
	c1,1
	c1,2
	c1,3

	#1
	( 1, 1, 1, 1)
	( 1,-1, 1,-1)
	( 1,-1,-1, 1)

	#2
	( 1, 1,-1,-1)
	( 1,-1,-1, 1)
	( 1,-1, 1,-1)

	#3
	( 1,-1,-1, 1)
	( 1, 1,-1,-1)
	( 1, 1, 1, 1)

	#4
	( 1,-1, 1,-1)
	( 1, 1, 1, 1)
	( 1, 1,-1,-1)


Table 1: Orthogonal code subsets for block spreading 1

The various possible code sets can be used alternately, so as to provide some interference randomization (slot-level orthogonal cover hopping). In addition, the same staggered cyclic shift allocation should be used, where the most interfering code is allocated to an adjacent cyclic shift, as shown e.g. in Table 2. The different cyclic shift indices reflect different possible alternative mappings, offset by one cyclic shift. The following sub-sections define the proposed channelization structures and the resulting SRI resource indexing for the cases where a cyclic shift separation of 
[image: image3.wmf]PUCCH

shift

D

 = 1, 2 and 3 is assumed between resources using the same orthogonal covering code.
2.1.1. 
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This cyclic shift separation is expected to be the broader configuration usage and corresponds to most urban and sub-urban cell deployment scenarios. In this configuration, the SRI multiplexing capacity in one subframe/RB is 
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Table 2: Staggered cyclic shift allocation structure for block spreading 1&2 - Short CP - 
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We propose the RB / sub-frame level SRI resource indexing as described in Table 3.
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Table 3: RB/sub-frame level SRI channel indexing – Short CP

2.1.2. 
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This cyclic shift separation is expected to be used in cells with large delay spread (e.g. some specific rural areas) but where a short CP is used. In this configuration, the SRI multiplexing capacity in one subframe/RB is 
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Table 4: Staggered cyclic shift allocation structure for block spreading 1&2 - Short CP - 
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We propose the RB / sub-frame level SRI resource indexing as described in Table 5.
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Table 5: RB/sub-frame level SRI channel indexing – Short CP - 
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2.1.3. 
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This cyclic shift separation could be used in cells with a small delay spread, in which case the SRI multiplexing capacity can be increased to 
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Table 6: Staggered cyclic shift allocation structure for block spreading 1&2 - Short CP - 
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In case this configuration is supported (FFS), we propose the SRI resource indexing as described in Table 7.
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Table 7: RB/sub-frame level SRI channel indexing – Short CP - 
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2.2. Extended CP
The set of orthogonal covering sequences is defined as follows [4]:

· Block spreading 1: {c1,1, c1,2} chosen from {(1,1,1,1), (1,1,-1,-1), (1,-1,-1,1), (1,-1,1,-1)} (see Table 8 below)

· Block spreading 2: {c2,1, c2,2} = {(1,1), (1,-1)}
Block spreading 3: {c3,1, c3,2} = {(1,1), (1,-1)}
	Set index (Si)
	c1,1
	c1,2

	#1
	( 1, 1, 1, 1)
	( 1,-1,-1, 1)

	#2
	( 1, 1,-1,-1)
	( 1,-1, 1,-1)

	#3
	( 1,-1,-1, 1)
	( 1, 1, 1, 1)

	#4
	( 1,-1, 1,-1)
	( 1, 1,-1,-1)


Table 8: Orthogonal code subsets for block spreading 1

2.2.1. 
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This cyclic shift separation is expected to be the broader configuration usage and corresponds to most urban and sub-urban cell deployment scenarios. In this configuration, the SRI multiplexing capacity in one subframe/RB is 
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 = 24. The proposed staggered channelization structure is given in Table 9.
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Table 9: Cyclic shift allocation structure for block spreading 1&2 – Staggered - Long CP - 
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We propose the RB / sub-frame level SRI resource indexing as described in Table 10.
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Table 10: RB/sub-frame level SRI channel indexing – Long CP- 
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2.2.2. 
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This cyclic shift separation is expected to be used in cells with large delay spread (e.g. some specific rural areas). In this configuration, the SRI multiplexing capacity in one subframe/RB is 
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Table 11: Cyclic shift allocation structure for block spreading 1&2 – Staggered - Long CP - 
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We propose the RB / sub-frame level SRI resource indexing as described in Table 12.
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Table 12: RB/sub-frame level SRI channel indexing – Long CP - 
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2.3. Channelization formulas and sequence/cyclic shift hopping

The above Tables 3, 5, 7, 10 and 12 can be used to identify the channelization resource uniformly across all SC-OFDM symbols of one 1ms-subframe. Another possibility is that resource re-mapping is enabled at symbol (for the cyclic shift resource) and slot level (for the orthogonal covering resource) within the RB/subframe according to a cell-specific or resource specific hopping pattern or a mix of both. The purpose of intra subframe resource hopping is to randomize the intra and inter-cell interference. In that case, the above tables define the channelization resource of the first symbol of the subframe, provided resource hopping is enabled across following symbols within the channelization framework defined by the above tables. This can be captured analytically as follows:
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is the SRI multiplexing capacity in one subframe/RB, given 
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. Let nSRI denote the SRI channel (or resource) index, where nSRI is non-negative integer such that 
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Resources used for SRI transmission on PUCCH are identified by the resource index nSRI from which the orthogonal sequence indices 
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and f1(ns), f2(ns), f3(ns) represent index hopping functions varying per slot and f4(l) represents index hopping function varying per symbol. It should be noted that if orthogonal cover hopping is applied to both 
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through hopping functions f1(ns) and f2(ns), then any additional hopping on top will not significantly improve the performance. Therefore, it is possible that the hopping function for 
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 is f3(ns) = 0.

3. Conclusion

In this contribution, we propose SRI channelization structures as well as its corresponding formulas. 
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