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Discussion and Decision
Introduction

Considerable progress was made on UL-SCH hopping in Jeju with R1-075086. The following issues were discussed on the email reflector to try to close remaining issues for discussion for UL-SCH hopping. In addition, some clarification on R1-075086 were made by the group.
Clarification on R1-075086
· The UE receives the grant message via PDCCH or higher layer signaling. 

· The initial grant means the explicit grant UE receives via PDCCH or higher layer signaling. For non-persistent scheduling the "grant absent" case corresponds to the case of retransmissions without explicit grant for the retransmission. For persistent scheduling, the “grant absent” case corresponds to the case of initial or retransmission without explicit grant for the persistent scheduling. When the grant is absent, the UE should always follow to initial grant, which, in some cases, will tell the UE to follow the predefined hopping pattern.
· The M value is used as the parameter to define (and for the UE to calculate) the predefined hopping pattern. 
· The explicit restriction of maximum bandwidth is used to make room for the signaling for dynamic hopping via UL grant.
· Signaling for dynamic hopping is 2 bits if there are X or more non-PUCCH RBs, 1 bit otherwise (zero bits if M=1)

· To save 1 or 2 bits, the maximum bandwidth is going to be reduced by at least a factor of 2 or 4. It is at least a factor of 2 or 4 as the localized allocation is not computed as #bits starting location and #bits resources, but rather ceiling (log2 (N_UL*(N_UL+1)/2)) bits. So, the bandwidth restriction at X RB for 2 bits will be <= N_RB/4, and for 1 bit will be <=N_RB/2.
· Both M for defining subbands and the explicit bandwidth restriction are present and need to be compatible. 
· The bandwidth restriction for the dynamic hopping via uplink grant must be less than the total RB that can be in a subband (N_RB/M).

· Therefore, the maximum resources to a dynamic hopping UE will be in the N_RB/M range (i.e., <= N_RB/M). If more than N_RB/M, would not be compatible with predefined hopping patterns.
· This means that the signaled M value for less than X RB bandwidth is M=1 or 2, and for X RB is M=1,2, 3, or 4
· For predefined hopping, a UE also cannot be assigned RBs that span subband boundaries.
1. Hopping resource allocation via grant
· 2 bits are available in the grant if X or more non-PUCCH RBs (N_RB) are in a slot. Value of X FFS (e.g., 12). What should X be?

· 00=+F, 01=-F, 10=N_RB/2, 11 follow hopping pattern. Value of F is FFS (e.g., N_RB/4). What should F be?

Discussion: One proposal was provided (shown in R1-080092 Table 1). If desired, the signaled M can be lower than the value in the last column. 
Proposal – Discuss and see if Table 1 is acceptable.

Table 1

	System BW (RBs)
	Minimum PUCCH BW in 1st Slot (RBs)
	Max BW assigned to a hopping User
	#bits for 2nd slot hopping resource allocation
	M value used for hopping pattern

	6-14
	1
	Floor(N_RB/2)
	1
	2

	15-24
	2
	6
	1
	2

	25-49
	any
	8
	1
	2

	50-74
	any
	8
	2
	4

	75-99
	any
	12
	2
	4

	100-110
	any
	20
	2
	4


2. Pre-defined hopping pattern definition
· Only mirroring currently defined. Exact hopping pattern is FFS. What should the exact hopping pattern be?
Discussion: A proposal to provide the exact hopping pattern based on inter sub-band hopping and mirroring on/off is provided in R1-080038. The basic operation of the inter sub-band hopping is defined as the cyclic shift of which amount is an integer multiple of the number of RBs (denoted N) in a sub-band. In case mirroring is ON, the mirroring is applied within the subband. 
· The proposal has one subband larger than the other subbands to avoid having at most 3 RB not included in any subband. This may complicate things somewhat as the subband start/end locations are redefined with each hop (based on fig below). However, if having up to 3 RB not in any subband is not considered as a serious issue, further discussion is possible to get a simple hopping pattern.
From R1-080038 (example of larger size subband)
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· There are two proposals for making the predefined patterns cell specific. The proposals have different periods for the parameters h(i) and m(i) (currently TBD in R1-080038). But in each proposal the period for h and m is the same.

· The parameters a(i) and m(i) are TBD at the moment in R1-080038, and progress needs to be made to resolve this final issue. So far two proposals have been considered:
· pseudo-random binary sequence using the scrambling code defined in 36.211 section 7.2
· QPP generator:
               m(i) = r(i) mod 2;
               a(i)  = floor (r(i)/2) mod (M-1)
  where  r(i) =QPP(i) mod 2M; is a cell specific random sequence and the value is one of  {0,1,2,...,2M-1}  and 
where QPP sequence generator is as follows:

 QPP(i) = ( a1*i + a2*(i^2) ) mod T ;  

T = 256 and is the length of the sequence. a1 and a2 are integer coefficients in the range 1 to T-1. 

a1 = 2*(cell_id mod 128) + 1;  
a2 = 2*floor(cell_id/128) + 2; where cell_id = 0 to 511.
· The main motivation of K is to avoid hopping to same sub-band used in the previous transmission for same HARQ process to guarantee the frequency diversity between initial and retransmission. Therefore, h(i) is generated based on h(i-K). For inter-subframe only hopping mode, K is 8, the number of HARQ processes. For intra/inter-sub frame hopping mode, the first slot (slot number = 0) refers to the first slot of the previous transmission, hence K= 16 (8 * 2). But in case of the second slot (slot number = 1), it would be better to refer to the first slot of the same subframe. So, we defined K = 15*(1-slot number)+1 for intra/inter-subframe hopping mode.
Proposal 1 – Discuss whether all subbands should be equal or one should be allowed to be a larger size. 
· Alternative 1: N_SB = floor(N_RB/M) for subband 0 to M-1 

· Alternative 2: N_SB = floor(N_RB/M) for all subbands 1 to M-1, N_SB = N_RB-(M-1)*N_SB for subband 0 

· Alternative 3: N_SB = floor(N_RB/M)+ for subband 0 to rem(N_RB/M)-1, N_SB = floor(N_RB/M) for subband rem(N_RB/M) to M-1
Proposal 2 – Discuss and see if hopping defined in R1-080038 with some resolution of h,m, and a is acceptable. Clarify if it is possible to constrain the hopping to just part (say half) of the bandwidth. 

· The number of subbands for hopping pattern is equal to M, currently signaled to UE on D-BCH. How is M used? Can M be made bandwidth dependent to avoid signaling on D-BCH?

Discussion: A basic motivation of introducing M is to have flexibility for prioritizing the flexible resource utilization or the frequency hopping gain based on the scheduling strategy. From this perspective, we are fine to have the signaling of M on D-BCH. 
One example of typical operation may be to use smaller M (1 or 2) for a smaller number of hopping UEs, and larger M (3 or 4) for more hopping gain for many hopping UEs requiring a small number of RBs. Another example is that a very small bandwidth would be a typical case for using M=1. It may also be possible to make the M value dependent on bandwidth, as shown in Table 1. 

Proposal – Discuss and see if the number of bits for M sent on D-BCH can be reduced.
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