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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1#88bis, following agreements had been made on uplink control channel in long-duration [1].
Agreements:
· For long duration NR-PUCCH in a given slot, FFS the detailed NR PUCCH formats. Companies are encouraged to provide the corresponding details
· Some examples as a starting point:
· For small UCI payload with 1 or 2 bit(s), LTE PUCCH 1a/1b especially in light of # of symbols available for NR-PUCCH
· FFS: Time domain OCC is applied over allocated multiple symbols
· For large UCI payload with X bits, LTE PUCCH format 4, or PUSCH
· FFS on applicability of (virtual) frequency domain OCC
· FFS for the value of X
· FFS for medium UCI payload with less than X bits
· Scalability of NR-PUCCH for different number of symbols available for NR-PUCCH
· The set of the number of symbols for long duration NR-PUCCH in a slot includes {4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14}
· FFS whether or not it depends on the slot type, # of symbols per slot, etc.

This contribution discusses design of uplink control channel in long-duration considering coverage.
[bookmark: _GoBack]Discussion
Coverage consideration for designing long PUCCH structure
Before considering detailed design of long PUCCH, we think that it is important to discuss that what kind of structure should be supported considering the coverage.
In order to achieve the same link budget as LTE uplink under the same usage scenarios and similar deployment configurations, for 15 kHz subcarrier spacing, long PUCCH with 14 symbols should be necessary and it should have similar functionality to achieve frequency diversity gain, i.e., intra-slot frequency hopping is supported. In addition, in order to support (at least) 14 symbol operation coverage even 7 slot configuration, long PUCCH with 7 symbols with inter-slot hopping is necessary.
One of the remaining issues to be considered would be how to realize other length. One of questions is whether the network reconfigures PUCCH length for every 3 dB difference of path loss difference. That means the network reconfigures PUCCH length with 14 ×2n symbols, 14 symbols, 7 symbols, 4(or 3) symbols, 2 symbols, and 1 symbols. To have such reconfiguration could be frequent RRC reconfiguration. Note that according to TS36.101 section 6.3.5.1 and 6.3.5.2, the power tolerance is the order of +/- 9 dB and we expect similar for NR. Therefore, the merit would be doubtful to differentiate the number of PUCCH based on 3 dB granularity.
For the design of long PUCCH, scalable design is required. If the design of long PUCCH should consider 3 dB granularity of coverage, scalable channel structure including the usage of intra-slot hopping for every 3 dB granularity should be considered. In this case, the optimization of channel structure for at least 4, 7, and 14 symbols would be necessary. For other length, reuse 4, 7, and 14 symbols structure would be sufficient.
On the other hand, if we don’t need to consider such optimization for every length of long PUCCH, the design could be simplified i.e. some symbol length case does not require intra-slot hopping. Therefore, before designing detailed design of long PUCCH, what is the coverage/usage assumption for the case of, for example, half slot length long PUCCH operation should be identified.
We think scalable design of long PUCCH for small UCI payload with 1 or 2 bit(s) itself could be possible without the discussion raised in this paper. On the other hand, long PUCCH for larger UCI payload is not possible without the discussion raised in this paper because we don't expect data to RS resource ratio is not 1 to 1 in long PUCCH with larger UCI payload. If the design direction for long PUCCH for larger UCI payload is known, we think the design for long PUCCH for small UCI payload with 1 or 2 bit(s) can be straight-forward. In the Appendix, initial thinking on long PUCCH for small UCI payload with 1 or 2 bits and larger UCI payload is described.

Proposal 1: In order to achieve the same link budget as LTE uplink under the same usage scenarios and similar deployment configurations, for 15 kHz subcarrier spacing, long PUCCH with 14 symbols with intra-slot hopping should be necessary.
Proposal 2: In order to support (at least) 14 symbol operation coverage even 7 slot configuration, long PUCH with 7 symbols with inter-slot hopping is necessary.
Proposal 3: What kind of structure should be supported for long PUCCH is discussed considering coverage and usage assumption for the case of, for example, half slot length long PUCCH operation.

The design of long PUCCH for UE whole coverage requires 14 symbols condition of 15 kHz subcarrier spacing
As mentioned above, it is necessary to support the coverage corresponding to 14 symbols for 15 kHz subcarrier spacing. In order to support such coverage, following structure could be considered for several slot-types. All options try to achieve the same transmission length with 14 symbols with 15 kHz in different slot configurations. 
· For 15 kHz subcarrier spacing with 14 symbols / slot and all symbols are used for UL, long PUCCH with 14 symbols with intra-slot hopping (i.e., 7 symbols + 7 symbols intra-slot hopping) should be supported.
· For 15 kHz subcarrier spacing with 14 symbols / slot and 7 symbols are used for UL, long PUCCH with 7 symbols with inter-slot hopping (i.e., 7 symbols + 7 symbols inter-slot hopping) should be supported.
· For 15 kHz subcarrier spacing with 7 symbols / slot and all symbols are used for UL, long PUCCH with 7 symbols with inter-slot hopping (i.e., 7 symbols + 7 symbols inter-slot hopping) should be supported.
· For 15 kHz subcarrier spacing with 7 symbols / slot and 4 symbols are used for UL, long PUCCH with 4 symbols with inter-slot hopping ((i.e., 4 symbols + 4 symbols + 4 symbols + 4 symbols inter-slot hopping)) should be considered.
For larger subcarrier spacing, following structures could be considered:
· For 30 kHz subcarrier spacing with 14 symbols / slot and all symbols are used for UL, long PUCCH with 14 symbols with inter-slot hopping (i.e., 14 symbols + 14 symbols inter-slot hopping) should be supported.
· For 30 kHz subcarrier spacing with 7 symbols / slot and all symbols are used for UL, long PUCCH with 7 symbols with inter-slot hopping (i.e., 7 symbols + 7 symbols + 7 symbols + 7 symbols inter-slot hopping) should be supported. 2 of 4 slots is the same frequency or all slots are different frequency.
· For 60 kHz subcarrier spacing with 7 symbols / slot and all symbols are used for UL, long PUCCH with 7 symbols with inter-slot hopping (i.e., 7 symbols + 7 symbols + 7 symbols + 7 symbols + 7 symbols + 7 symbols + 7 symbols + 7 symbols inter-slot hopping) should be supported. 4 of 8 slots is the same frequency or all slots are different frequency.
In addition to above, there is a possibility when UL symbols are different among slots for multiple slot usage case. Therefore, what is the behaviour if UL symbols are different between slots is the one of issue to be considered. There would be following 3 options.
· Option 1: 14 symbols are used over multiple slots regardless of UL symbols in a slot. In this option, part of symbols in some slots may not be used. Example is, if 10 symbols are already sent in previous slots and next slot have 7 UL symbols for PUCCH, only 4 symbols are used.
· Option 2: All UL symbols used for long PUCCH in a slot are used. In this option, more than 14 symbols may be used. Example is, if 10 symbols are already sent in previous slots and next slot have 7 UL symbols for PUCCH, 7 symbols are used.
· Option 3: Different UL symbols over slots are not considered. Example is, 14-symbol transmission is only realized by slot with 7 UL symbols case and slot with 14 UL symbols case only.
Option 1 would achieve the best spectral utilization efficiency as the number of symbols to be used can be optimized. However, it may complicate signalling such as indication of the length of long PUCCH and misalignment of PUCCH length between different UEs. Option 2 would have excessive resource utilization. Option 3 would increase the latency.

The design of long PUCCH for UE whole coverage requires 7 symbols condition of 15 kHz subcarrier spacing
This design is for roughly 3 dB less coverage from 14 symbols case. As mentioned above, before considering this design, whether we need to change PUCCH configuration for each 3 dB should be discussed. If such operation is necessary, following structure could be considered for several slot-types.
· For 15 kHz subcarrier spacing with 14 symbols / slot and all symbols are used for UL, long PUCCH with only 7 symbols within a slot with intra-slot hopping ((i.e., 3 symbols + 4 symbols (or  4 symbols + 3 symbols) intra-slot hopping)) could be considered. Or, long PUCCH with 14 symbols without intra-slot hopping might be considered.
· For 15 kHz subcarrier spacing with 14 symbols / slot and 7 symbols are used for UL, long PUCCH with 7 symbols within a slot with intra-slot hopping ((i.e., 3 symbols + 4 symbols (or  4 symbols + 3 symbols) intra-slot hopping)) could be considered.
· For 15 kHz subcarrier spacing with 7 symbols / slot and all symbols are used for UL, long PUCCH with 7 symbols within a slot with intra-slot hopping ((i.e., 3 symbols + 4 symbols (or  4 symbols + 3 symbols) intra-slot hopping)) could be considered.
· For 15 kHz subcarrier spacing with 7 symbols / slot and 4 symbols are used for UL, long PUCCH with 4 symbols with inter-slot hopping ((i.e., 4 symbols + 4 symbols inter-slot hopping)) should be considered.

Based on above design consideration, at least enabling and disabling intra-slot hopping should be necessary function.

Proposal 4: Enabling and disabling intra-slot hopping should be supported.

Conclusion
In this contribution, we discussed design consideration of long PUCCH. We have the following proposals:
Proposal 1: In order to achieve the same link budget as LTE uplink under the same usage scenarios and similar deployment configurations, for 15 kHz subcarrier spacing, long PUCCH with 14 symbols with intra-slot hopping should be necessary.
Proposal 2: In order to support (at least) 14 symbol operation coverage even 7 slot configuration, long PUCH with 7 symbols with inter-slot hopping is necessary.
Proposal 3: What kind of structure should be supported for long PUCCH is discussed considering coverage and usage assumption for the case of, for example, half slot length long PUCCH operation.
Proposal 4: Enabling and disabling intra-slot hopping should be supported.
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Appendix
Scalable design of long PUCCH for small UCI payload with 1 or 2 bit(s)
For small UCI payload with 1 or 2 bit(s), LTE PUCCH 1a/1b was identified as the possible starting point. In LTE PUCCH 1a/1b, the basic unit for UCI is composed of a sequence (ZC sequence) in one symbol which is multiplied by BPSK or QPSK modulated symbol according to UCI payload. The basic unit is repeatedly transmitted over multiple symbols (symbol #0, #1, #5, and #6). In addition, time domain OCC (Walsh code) is applied over the repeated UCI symbols. RS is TDMed within a slot. The RS overhead is 3/7. The basic unit for RS is also composed of a sequence (ZC sequence) in one symbol and the basic unit is repeatedly transmitted over multiple symbols (i.e., symbol #2, #3, and #4). In addition, time domain OCC (DFT code) is applied over the repeated RS symbol. In the following, detailed design is considered based on shortening method and extension method [1]. Similar RS overhead as LTE (i.e., around 50%) is considered.
In the shortening method, first, PUCCH with 7 symbols is designed first as 7 symbols could be one important building block both for 7 symbols slot and 14 symbols slot. Several candidate structures are described in the following.
· Option 1 (RS are located in the middle of slot): 
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· Option 2 (RS are located in the front of slot):
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· Option 3 (RS are distributed in the slot): 
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If intra-slot frequency hopping is supported for the 7-symbol PUCCH, Option 1 and 3 seem better from channel estimation purpose.
For the scalable design for {4, 5, 6}-symbol PUCCH, shortened format from 7-symbol PUCCH is considered as follows. For all options, multiplexing capacity of 12 PUCCHs in the same time and frequency resource is achieved by using cyclic shift of a length-12 base sequence.
· Option 1 (RS are located in the middle of slot): 
· 6-symbol PUCCH
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· 5-symbol PUCCH
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· 4-symbol PUCCH
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· Option 3 (RS are distributed in the slot):
· 6-symbol PUCCH
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· 5-symbol PUCCH
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· 4-symbol PUCCH
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If intra-slot frequency hopping is also supported for above symbols, Option 3 seems better from channel estimation purpose.

In the shortening method, minimum length of PUCCH is considered first. Repetition based format of minimum length of PUCCH is further designed for longer length. Since the minimum granularity of the duration of long PUCCH is 1, minimum length of PUCCH should also be 1 for the design based on pure extension method. However, for TDM between RS and UCI with different symbol is not possible for 1 symbol PUCCH. If 1 symbol PUCCH is considered for the minimum length of PUCCH for extension method, pre-DFT approach could be used.
On the other hand, assuming minimum length of PUCCH is 2 symbols, TDM between RS and UCI with different symbol is possible. The minimum block is described as follows.
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For the scalable design for {4, 5, 6}-symbol PUCCH, extension format from 2-symbol PUCCH is considered as follows. For odd number of symbol duration, the latter part of 2-symbol PUCCH is dropped. For all options, multiplexing capacity of 12 PUCCHs in the same time and frequency resource is achieved by using cyclic shift of a length-12 base sequence.
· Option 4 (2 symbol PUCCH is repeated):
· 4-symbol PUCCH
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· 5-symbol PUCCH
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· 7-symbol PUCCH
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It can be seen that the design is identical to Option 3 of shortening method.

Regardless of to apply shortening method or extension method, following design would be reasonable considering the support of intra-slot frequency hopping.
· 4-symbol PUCCH
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The design for {8, 9, 10, 11, 12, 13, 14}-symbols PUCCH would be considered by extending above design direction.
· 8-symbol PUCCH
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· 9-symbol PUCCH
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· 10-symbol PUCCH
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· 11-symbol PUCCH
	
	
	
	U
	RS
	U
	RS
	U
	RS
	U
	RS
	U
	RS
	U


· 12-symbol PUCCH
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· 13-symbol PUCCH
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· 14-symbol PUCCH
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Scalable design of long PUCCH for large UCI payload
For large UCI payload with X bits, LTE PUCCH format 4, or PUSCH was identified as the possible starting point.
In LTE PUCCH format 4, UCI is encoded with TBCC and modulated with QPSK. The number of PRBs is configurable from 1 ~8 and coded bits are rate-matched based on total resource. The RS overhead is 1/7 which is same as LTE PUSCH structure. In the following detailed design is considered based on shortening method and extension method [1].
In the shortening method, first, PUCCH with 7 symbols is designed first. Several candidate structures are described in the following.
· Option 1 (RS are located in the middle of slot):
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· Option 2 (RS are located in the front of slot):
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For the scalable design for {4, 5, 6}-symbol PUCCH, shortened format from 7-symbol PUCCH is considered as follows.
· Option 1 (RS are located in the middle of slot): 
· 6-symbol PUCCH
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· 5-symbol PUCCH
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If intra-slot frequency hopping is supported, to consider only above options (RS overhead is 1/7) would not be sufficient. Then, we consider the option with RS overhead of 2/{4, 5, 6, 7} in addition. 
· 7-symbol PUCCH
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In the shortening method, minimum length of PUCCH is considered first. Repetition based format of minimum length of PUCCH is further designed for longer length. Since the minimum granularity of the duration of long PUCCH is 1, minimum length of PUCCH should also be 1 for the design based on pure extension method. However, for TDM between RS and UCI with different symbol is not possible for 1 symbol PUCCH. If 1 symbol PUCCH is considered for the minimum length of PUCCH for extension method, pre-DFT approach could be used.
On the other hand, assuming minimum length of PUCCH is 2 symbols, TDM between RS and UCI with different symbol is possible. The minimum block is described as follows.
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For the scalable design for {4, 5, 6}-symbol PUCCH, extension format from 2-symbol PUCCH is considered similar to small payload size. However, this approach increases RS overhead. Then, to have multiple minimum blocks should be considered. For example, the minimum blocks are described as follows.
Block 1
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and
Block 2
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For the scalable design for {4, 5, 6}-symbol PUCCH, extension format from 2-symbol PUCCH with combination of 2 multiple blocks is considered as follows. For odd number of symbol duration, the latter part of 2-symbol PUCCH is dropped. Assuming multiple minimum blocks the outcome could be same regardless of extension method or shortening method. In addition, there might be no need to have 2-symbol length of minimum block. Only to have 1-symbol length of minimum block of UCI symbol and RS symbol would provide identical outcome.
The UCI and RS mapping within a slot might need to consider NR PUSCH design and PUSCH RS location discussion.
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