Page 1
3GPP TSG RAN WG1 #88b	R1-1704990
April 3rd–7th, 2017
Spokane, USA
	
[bookmark: Source]Agenda item:	7.2.1.2.3.2
Source: 	Qualcomm Incorporated
Title: 	Shortened PUCCH Resource Management  
[bookmark: DocumentFor]Document for:	Discussion and Decision
1	Introduction
In RAN1 #87 and #88, the following agreements were reached:
Agreements:
· At least the following formats should be designed for sPUCCH:
· For sPUCCH supporting up to 2-bit HARQ-ACK and/or SR (if any)
· DMRS based demodulation for 7-symbol sTTI
· FFS on the formats and DMRS design for 2-symbol sTTI
· For sPUCCH supporting more than 2-bit HARQ-ACK and SR (if any)
· DMRS based demodulation for all sTTI lengths
· FFS on encoding methods
· FFS on sPUCCH with channel selection for up to 4-bit HARQ-ACK.
· FFS on support of frequency hopping.
· Intra-sTTI frequency hopping is supported for at least one slot-based sPUCCH format.
· No intra-sTTI frequency hopping is supported for at least one slot-based sPUCCH format.
· No dynamic switch between intra-sTTI frequency hopping and no intra-sTTI frequency hopping for the same slot-based sPUCCH format
· FFS: whether the same slot-based sPUCCH format can support both intra-sTTI frequency hopping and no intra-sTTI frequency hopping

For both 2-symbol and 1-slot low latency operations, two types of sPUCCH is required: (1) for small payload sizes, and (2) for large payload sizes. Hence, in addition to the legacy PUCCH, four types of sPUCCH should be transmitted within each subframe. Hence, the resources should be assigned to different sTTI lengths and different sPUCCH types, accordingly.
In this paper, we discuss how this task can be accomplished. 
2	Discussion
In the legacy LTE systems, the PUCCH resources are located at the two edges of the available bandwidth. Different PUCCH formats are assigned with different resources, and are placed next to each other. In the presence of sTTI traffic, it is important to assign some resources to different types of sPUCCH formats. In addition, since both 2-symbol and 1-slot sTTIs can be adopted, their sPUCCH resources should be separated. The resources next to the legacy LTE PUCCH resources on both sides of the bandwidth can be reserved for sPUCCH transmission. 
Observation: Resources adjacent to the legacy PUCCH region at both sides of the bandwidth can be reserved for sPUCCH transmission. 
Proposal 1: For 2-symbol and 1-slot operations, two separate sPUCCH regions should be configured.
Proposal 2: For each sTTI, separate resources are assigned to the PUCCH format carrying small payload sizes and large payload sizes. 
As mentioned before, in the legacy LTE, non-overlapping resources are assigned to different PUCCH formats. This can be done as follows: PUCCH format 2 resources can be located at the two edges of the bandwidth. For PUCCH format 1a/1b, the PUCCH resource is obtained based on the CCE index as well as a PUCCH offset provided via a higher layer signaling. For PUCCH format 3/4/5, four resource values are configured via a higher layer signaling. Then, the TPC field in the DL DCI determines one of the PUCCH resource values.   
The same approach can be adopted for sTTI operation. In essence for sPUCCH formats carrying small payload sizes, an implicit approach similar to the one taken for PUCCH format 1a/1b can be considered. In this case, two different offsets should be defined to guarantee that the sPUCCH resources associated with the 2-symbol and 1-slot operations are separated.
In addition, for sPUCCH formats conveying a large payload, similar to the legacy PUCCH format 3/4/5, some resources can be defined by a higher layer signaling, and one is indicated to the users via the DCI.
Proposal 3: Adopt the legacy PUCCH resource assignment scheme for the sTTI operation.
[bookmark: _GoBack]Proposal 4:  Consider defining sPUCCH resource offsets to separate the resources assigned for different sTTI lengths as well as different sPUCCH formats. 
As agreed in the last RAN1 meeting, intra-sTTI frequency hopping for at least one 1-slot sPUCCH format will be considered. One important aspect to consider here is the efficient coexistence of 1-slot and 2-symbol sPUCCHs. In particular, for a better coexistence, the 1-slot hopping pattern should match the 2-symbol UL layout of [3,2,2,2,2,3]. For example, a 3+4 or 3+2+2 hopping pattern in the first slot of a subframe and a 4+3 or 2+2+3 hopping pattern in the second slot of a subframe can be considered, respectively, in the first and the second slots of a subframe. 
Proposal 5: Consider a 1-slot sPUCCH frequency hopping pattern that is based on the 2-symbol UL layout in each slot.  
3	Conclusions 
In this contribution, we discussed some aspects related to sPUCCH resource management, and made the following observation and conclusions:
Observation: Resources adjacent to the legacy PUCCH region at both sides of the bandwidth can be reserved for sPUCCH transmission. 
Proposal 1: For 2-symbol and 1-slot operations, two separate sPUCCH regions should be configured.
Proposal 2: For each sTTI, separate resources are assigned to the PUCCH format carrying small payload sizes and large payload sizes. 
Proposal 3: Adopt the legacy PUCCH resource assignment scheme for the sTTI operation.
Proposal 4: Consider defining sPUCCH resource offsets to separate the resources assigned for different sTTI lengths as well as different sPUCCH formats. 
Proposal 5: Consider a 1-slot sPUCCH frequency hopping pattern that is based on the 2-symbol UL layout in each slot.  
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