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1. Introduction
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 [3]. For the short 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. Using up to 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 [4]. A similar reasoning yields 240 UEs per RB with the long 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.
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Figure 1: SRI transmission per slot on PUCCH for short (left) / long (right) CP structures
In this contribution, we propose a simple method for provisioning and allocating SRI resources on PUCCH, summarized as follows:

· A one-to-one mapping of logical SRI index to physical resources is defined for all PUCCH RBs.

· The eNB signals the start and period of the SRI cycle, and allocates an SRI resource index to a UE through L3 signaling.

2. SRI resource indexing

We propose a fixed and simple SRI resource indexing based on a channelization structure and indexing at subframe/RB level, followed by a time first, frequency (RB) 2nd ordering scheme, as elaborated in the following sub-sections. 
2.1. Sub-frame / RB level – short CP
The set of orthogonal covering sequences is defined as follows [1]:

· 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)}
As for the ACK/NACK channelization structure, only three out of the four sequences are used at a time for block spreading 1. Therefore, here again the best subsets of three sequences are defined to minimize the interference in high speed as follows [2]:
	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 in Table 2. The two cyclic shift indexes reflect two possible alternate mappings, offset by one cyclic shift.
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Table 2: Staggered cyclic shift allocation structure for block spreading 1/2

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
2.2. Sub-frame / RB level – long CP

The set of orthogonal covering sequences is defined as follows [1]:

· 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 4 below)
· Block spreading 2: {c2,1, c2,2} = {(1,1), (1,-1)}
· Block spreading 3: {c3,1, c3,2} = {(1,1), (1,-1)}
Two out of the four sequences are used at a time for block spreading 1. Therefore, it is possible to always select the optimal sequences which remain orthogonal even at high speed:

	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 4: Orthogonal code subsets for block spreading 1

Given the good performance of the above codes, there is no such need to introduce a staggered structure, as for the short CP case. Therefore, the two possible channelization structures are given in Table 5 (non-staggered) and Table 6 (staggered).
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Table 5: Cyclic shift allocation structure for block spreading 1&2 – Non staggered - Long CP
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Table 6: Cyclic shift allocation structure for block spreading 1&2 – Staggered - Long CP

We propose the RB / sub-frame level SRI resource indexing as described in Table 6 where indexes formatted as (i) apply to the staggered structure in Table 6.
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Table 6: RB/sub-frame level SRI channel indexing – Long CP
2.3. RB level

For a given RB, the number of time-multiplexed UEs is limited by the SRI period, e.g. 10ms. Therefore, we propose to pursue the SRI channel indexing beyond the sub-frame level over an entire SRI period: given the SRI period NSRI expressed in number subframes (e.g. NSRI =10), the SRI channel index starts incrementing within the same RB from the first subframe of the SRI period until the last subframe of the SRI period. Formally, if S0 is the number of the first subframe of an SRI period, the SRI resource indexed by n is located in:

· Short CP: subframe 
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 on the channelization resource indexed by (n mod 36) in Table 3.
· Long CP: subframe 
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 on the channelization resource indexed by (n mod 24) in Table 6.
Figure 2 illustrates the SRI time indexing for the short CP.
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Figure 2: SRI resource time indexing per RB
2.4. PUCCH level

The last multiplexing dimension is the frequency, or RB. We propose to pursue the previous time indexing across all RBs of the PUCCH, starting from the RB at the extreme upper end of the PUCCH, as illustrated in Figure 3, where NPUCCH RBs are allocated to the PUCCH. As a result, the SRI resource indexed by n is located in:

· Short CP: PUCCH RB # 
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 on the channelization resource indexed by (n modulo 36) in Table 3.
· Long CP: PUCCH RB # 
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 on the channelization resource indexed by (n modulo 24) in Table 6.
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Figure 3: PUCCH RB indexing
3. SRI allocation
Whenever an SRI resource has been allocated to an UL synchronized UE, it does not need to change since its period is not dependent on varying conditions such as the radio channel. Moreover an SRI transmission is not linked to any scheduled allocation conveyed on the PDCCH. As a result, the SRI index allocation to a UE should be done through L3 signaling embedded in a MAC PDU on PDSCH. It should be noted that the SRI index defined in Section 2 spans the whole PUCCH region. This is obviously over-provisioning since the SRI shares the PUCCH with the ACK/NACK and CQI channels, and in practice, it belongs to the eNB, when assigning the SRI indexes to the UEs, to choose which RBs/cyclic shifts/codes will be allocated for SRI transmission. So this only results in over-dimensioning the SRI index bit-width. Therefore, an alternative can be that eNB configures and signals a reduced number of PUCCH RBs to be used for SRI transmission. In that case, the same mapping applies as described in Section 2.4, except that RB indexing is limited to those PUCCH RBs configured to support SRI transmission. However, this would require an additional SRI parameter to be broadcasted as part of system information which will increase the overhead on SIBs. On the other hand, as already mentioned, the SRI index is expected to be sent very infrequently so it probably can afford some over-dimensioning. Finally, reducing the number of parameters the eNB needs to configure also results in a simpler design.

4. SRI signalling requirements

From the above Sections, it results that the signaling requirements in support of the SRI can be reduced to:

· The SRI cycle period – broadcasted as system information
· The SRI cycle offset (e.g. with respect to SFN=0) – broadcasted as system information
· UE-specific SRI resource allocation (SRI index): L3 signaling in MAC PDU on PDSCH 

5. Conclusion

In this contribution, we propose a simple method for provisioning and allocating SRI resources on PUCCH, and derived the associated signaling requirements.
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