



3GPP TSG RAN WG1 Meeting#91			R1-1721001
Reno, USA, November 27th – December 1st, 2017

Agenda Item:	7.3.2.1.3
Source:	Ericsson
[bookmark: _GoBack]Title:	On the Design of 2-Symbol PUCCH
Document for:	Discussion, Decision
Introduction
The following agreement were made in the previous meeting:
Agreement:
· For two-symbol short-PUCCH with up to 2 UCI bits, sequence hopping between the two symbols is supported.
· FFS: The details of sequence hopping. 

It is important to note that since 2-sybmols PUCCH is an extension of the 1-symbol PUCCH, the design proposals addressing the following in our companion contributions for 1-symbol PUCCH Format 0 and 2 [1][2] are applicable to 2-symbol PUCCH Format 0 or 2:
· Starting symbol of PUCCH Format 0/2
· Bits to sequence mapping for PUCCH Format 0
· Base sequence hopping for PUCCH Format 0
· Multiplexing HARQ-ACK and/or SR for PUCCH Format 0
· Multiplexing HARQ-ACK and/or SR and/or CSI for PUCCH Format 2
· PRB determination for PUCCH Format 2
· Initialization of scrambler or DMRS sequences for PUCCH Format 2
· Starting symbol of PUCCH Format 0/2
In this contribution, the open issues specific for 2-symbols PUCCH transmission.
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Frequency hopping
For 2-symbol short PUCCH it is still an open issue that when the frequency hopping is enabled, how the UE determines the frequency resources for the second hop. As agreed during the email discussion [90b-NR-30], the UE can determine the index of the starting PRB and the number of PRBs of the first hop. Moreover, the number of PRBs in the first and second hops are equal based on the design principal that the 2-symbol PUCCH is an extension of the 1-symbol PUCCH.
 With respect to the index of the starting PRB of the second symbol when the frequency hopping is enabled, different views were expressed including methods that the position of the second hop in the frequency domain is derived from the first hop based on a rule, such as mirroring approach or fixed or configured separation.  Alternatively, it was also proposed to consider the position of the second hop configurable similarly to the first up to provide flexibility for a proper allocation depending on the use case.
From our perspective, we do not see a necessity to impose limitations by design where if needed can be handled and appropriately configured by the network. Hence, we propose the following to allow configurability for the position of the second hop similarly to the first hop to have a flexible and future proof design.
Proposal 1:
· For PUCCH Format 0 and 2 with two symbols duration,
· when the frequency hopping is enabled, the index of the starting PRB in the second symbol is configurable similarly to the first symbol.
· when the frequency hopping is disabled, the index of the starting PRB in the second symbol is the same as the index of the starting PRB in the first symbol.

Cyclic shift hopping
[bookmark: _Hlk498535384]For 2-symbol PUCCH Format 0, i.e. short PUCCH with up to 2 bits, it was agreed to support cyclic shift hopping between the two symbols of PUCCH. From our point of view, it is beneficial to provide a hopping pattern that can also be applicable for long PUCCH for up to 2 UCI bits, i.e. PUCCH Format 1. This implies that the symbol index in a PUCCH burst within the slot should contribute in determining the corresponding hopping pattern. Moreover, to randomize the inter-cell interference the hopping pattern for the cyclic shift can depend on an RRC parameter. From our perspective, it is sufficient to reuse the LTE cyclic shift hopping pattern with adequate modification for the usage in NR. Hence, the LTE PN sequence generator can be re-used for generation of the hopping pattern of the cyclic shifts which can be initialized similarly to as for the base sequence hopping using the same configurable ID. 
Therefore, based on the above discussion we propose the following:
Proposal 2:
· [bookmark: _Hlk498535219]For symbol based cyclic shift hopping for PUCCH Format 0 and 1 is done similarly to LTE.
· The hopping pattern is obtained from the LTE PN sequence generator.
· The initialization of the PN sequence generator is done similarly to the initialization used for the base sequence hopping based on the RRC configured ID.
· The hopping pattern depends on the slot index in the radio frame and the symbol index in the slot similarly to LTE.

Conclusion
In this contribution, we discussed our view on the remaining issues on the 2-symbosl PUCCH structure for transmission of more than 2 UCI bits and proposed the following:
Proposal 1:
· For PUCCH Format 0 and 2 with two symbols duration,
· when the frequency hopping is enabled, the index of the starting PRB in the second symbol is configurable similarly to the first symbol.
· when the frequency hopping is disabled, the index of the starting PRB in the second symbol is the same as the index of the starting PRB in the first symbol.
Proposal 2:
· For symbol based cyclic shift hopping for PUCCH Format 0 and 1 is done similarly to LTE.
· The hopping pattern is obtained from the LTE PN sequence generator.
· The initialization of the PN sequence generator is done similarly to the initialization used for the base sequence hopping based on the RRC configured ID.
· The hopping pattern depends on the slot index in the radio frame and the symbol index in the slot similarly to LTE.
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