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1. Introduction

Several details on PUCCH format 3 resource allocation were finalized at RAN1 #63 and approved in the 36.211 CR [1]. Specifically, the status of format resource allocation from RAN1 #63 is as follows 

· Starting resource for PUCCH format 3

· The RRC signaling will provide the flexibility to position the Format 3 region anywhere in frequency

· Check range of n(3)PUCCH (to cover 110 RBs)

· ARI for format 3

· 4 values point to 4 semi-statically configured values of n(3)PUCCH
· Base format 3 PRB indexing on SF in 1st slot

· Use OCC remapping across slots

· Working assumption to use Rel-8 remapping adapted to the format 3 SF

· Check until RAN1#63bis whether inter-cell interference presents a significant problem that requires a modification to the remapping. 
Another aspect which requires resolution is the selection of the cyclic time shift for PUCCH-RS including remapping across the slots of a subframe. This contribution addresses the resource mapping issues in the context of intra-cell users.
2. Mapping to Physical Resources
2.1. Mapping of cyclic time shift for RS
One outstanding aspect is the allocation of the RS cyclic time shift, similarly to format 2 allocation [1]. In contrast to the PUCCH format 2 resources, which are essentially defined modulo
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, format 3 resources are essentially defined modulo
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, and a rule is required to map these resources to
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The cyclic time shift is currently defined as [1]
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Since the RS symbols are similar in waveform and symbol position within the slot to PUCCH format 2 it also makes sense to preserve the cyclic shift (CS) hopping feature, defined by the parameter
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, for inter-cell interference randomization. Therefore, to obtain 
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it is necessary to define
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One general and simple rule is to define  
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where
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can be used for maximal spacing between assigned cyclic shifts. For example if the spacing is characterized by the delay spread
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. Alternatively, a fixed value e.g. 
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can be used. In the interest of simplicity we slightly prefer
[image: image13.wmf]2

g

=

. For CS remapping in the second slot of a subframe the same expression as PUCCH format 2 can be used. Therefore, we propose

Proposal: PUCCH format 3 resource allocation for RS is characterized by the parameter 
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which is defined as
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2.2. Intra-cell OCC selection and remapping
At RAN1 #63 two expressions were proposed for mapping the assigned resource to the utilized OCC, at least for the first slot:
1) Option 1 [2], [3]:
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2) Option 2 [4]:
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Note that both options are equivalent for normal subframes. In contrast, for shortened subframes with
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, two out of the five resources collide in a PRB. The difference between these two options can be seen from the logical PRB mapping [1]
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For Option 1 the resource collision occurs on 
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whereas for Option 2 the resource collision always occurs on 
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independently of the PRB m. In our view either option is acceptable for the OCC mapping. 
OCC Remapping

OCC remapping across slots may be employed for intra-cell and, possibly, inter-cell interference randomization (see e.g. [5]). Reverse mapping similar to PUCCH format 2 could be used. Alternatively, it was suggested in [6] that intra-cell interference may be significant at high Doppler when the length-5 DFT is used. The proposed scheme in [6] strives to maximize the code separation in the second slot when adjacent codes are assigned to a pair of UEs in the first slot. Figure 1 investigates the high speed performance both without remapping and remapping for maximal OCC separation in the second slot. The solid, dashed curves show respectively the A->N/D and N->A performance, while the horizontal curve shows the D->A performance. It can be seen that there is very little difference between the two schemes. More results for small and moderate payload sizes including the simulation assumptions are shown in the Appendix A. 
Based on these results we propose that remapping for intra-cell interference mitigation is not necessary for high speed cells. 
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Figure 1 HARQ BER performance comparing no remapping and remapping for maximal code separation  
3. Conclusion

Several outstanding details for PUCCH Format 3 were considered in this contribution. It is recommended that RAN1 adopt the following proposals:
· Apply a simple offset rule for cyclic shift hopping of the PUCCH RS as

·  
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· Either OCC mapping of 
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can be specified. 
· Remapping for intra-cell interference randomization is not necessary for high speed cells.
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Appendix A
Table 3 Link-level simulation assumptions for intra-cell performance 
	Parameters
	Value

	Carrier frequency
	2 GHz

	Bandwidth
	5 MHz

	Channel model/speed
	ETU 120kmph

	Frequency hopping
	At slot boundary

	Antenna configuration
	1Tx, 2Rx

	Rx antenna correlation
	Uncorrelated
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	CP type
	Normal

	Number of UEs
	2

	Cyclic shift hopping for RS
	Enabled

	Noise estimation
	Ideal

	DTX detection
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	Receiver
	Joint data + RS detector
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Figure 2: HARQ BER performance comparing no remapping and remapping for maximal code for 4-bit (left) and 8-bit (right) payloads.
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