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Discussion and Decision
1. Summary
UL hopping via grant operation is (almost) fully defined in 36.213. This contribution addresses the remaining item to be included in 36.213 (inter-subframe hopping only) and some discussion items, such as semi-static selection of hopping via grant or predefined pattern, and handling of odd PUCCH resources.
Proposal

· For inter-subframe only hopping via grant, the hopping allocation (first slot) will correspond to even retransmission sequence number (RSN), and the hopping allocation (second slot) will correspond to odd RSN.
· Proposal from R1-075086

· Odd number of PUCCH RB requires no special handling  
· Keep existing decisions on interaction between hopping via grant and hopping via predetermined pattern

· Semistatic switching between modes not required
The last point is discussed more, below. In particular, if separation of modes is deemed desirable, table 8.4-2 should be modified to replace or remove the predefined hopping pattern entries in the grant, and table 8.4-1 can be optimized as well. 
2.  On separation of hopping modes
The current decisions and 36.213 operation contain harmonized operation both hopping via the grant, and hoping via predetermined pattern. Both modes can coexist within the same subframe (if desired), or between subframes. 
Hopping via the grant is beneficial for a number of reasons:
· Grants are used and needed already for non-hopping case
· Grants provide very “nimble” hopping operation, especially considering coexistence with channel dependent users

· Hopping RBs can be placed anywhere in the band, to move around the band or stay in known locations as desired

· Known locations achieve good diversity performance without forced hopping over the entire band, which can be beneficial for planning and multiplexing users
· No restriction to keep hopping RBs within subbands

· For larger bandwidths, multiple gap values provide flexibility to either avoid channel dependent users desired locations, or keep hopping users within a portion of the band even under half loading

· Inter-eNodeB coordination of hopping resources is possible (if desired) 

· Randomization also possible (grants used)

· Inter-subframe only hopping can be actuated by grant when a hop desired

· The one bit broadcast” inter-subframe hopping only” is currently cell specific so predefined hopping pattern will work, but in practice  this should be a per-user decision

· All non-PUCCH RBs are easily addressable

· Some RBs are not (easily) addressable with the pre-determined hopping pattern

· Hopping immediately known by grant on a handover (no delay)

Hopping via pre-determined pattern may have benefits in:

· Inter-cell randomization of hopping resources

· Enforced by hopping over entire band except disallowed RBs

· Grants not needed

· Slightly larger numbers of VRB-pairs assigned to a single user (in allowed RBs)

The motivation for separating the modes seems to be the last point, to achieve slightly higher VRB-pairs for a single user. However, as extensively discussed on the reflector, the current Table 8.4-1 table entries should be sufficient for any reasonable expected traffic, so this does not appear to be a critical issue. In addition, M=1 mirroring operation is possible with no limitation to assigned resources (number or location within a subband). Though seemingly unnecessary, it is available.
In addition, the mechanism for separating the modes needs to be determined. Is it per user or per-cell? In either case, this is an additional determination to make on handover. 
Also, if separation of modes is deemed desirable, table 8.4-2 should be modified to replace or remove the predefined hopping pattern entries in the grant. The original on-the-floor proposal had mirroring for the entries that currently say 5.3.4. Other simplifications are also possible, such as optimizing table 8.4-1 can made as well, as discussed in the next section.
3.  Modification of hopping via grant if separation is desired
If the modes are separated, at the very least, table 8.4-2 should be modified to replace or remove the predefined hopping pattern entries in the grant with mirroring. One extreme simplifications is as follows:
· Eliminate “following hopping pattern” from table 

· Make mirroring always available in grant

· Make the assumed PUCCH resources “any” for all configurations

· Could allow schedulers to fill unused PUCCH with data (not sure if this is likely)

· Requires mirroring to be used for the smallest system bandwidths (not a big restriction)
· Make gap value semi-static to reduce number of bits required and increase max allocation size

· Lose some flexibility interacting with channel dependent users

· On handover, mirroring is available until gap value known

· Phase of gap (direction) can be made to depend on location 

· Eliminate ‘M’ signaling
· Not needed for hopping via grant

· Would require simplifications in hopping via predetermined pattern
· Bandwidth limit may be bigger than what you would get with M=4 or M=3. 

Example of simplification:

Table 8.4-1: Min PUCCH BW, Max PUSCH BW, and Number of Hopping Bits vs. System Bandwidth
	System BW 
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	Any
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	Any
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