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1   Introduction
In RAN1#90bis and RAN1#91 meeting, the following agreements for long-PUCCH over multiple slots were made in [1][2].
Agreement:
· For long PUCCH over multiple slots, at least support the case that the duration of long PUCCH in each slot is the same

· FFS the case of different durations in different slots

Agreement:
· For long PUCCH over multiple slots, the intra-slot hopping and inter-slot hopping are not enabled at the same time for a UE
Agreement:
· For long PUCCH over multiple slots

· The number of slots configured for a long PUCCH over multiple slot are  (1, 2, 4, 8)

· Inter-slot hopping is performed on every slot

· For intra-slot hopping or inter-slot hopping, the 1st hop and 2nd hop are performed on the frequency resources indicated by PUCCH resource allocations

This contribution is re-submission of R1-1800033. In this contribution, we will discuss intra-slot frequency hopping pattern of long-PUCCH over multiple slots.
2   Intra-slot frequency hopping of long-PUCCH over multiple slots

In Section 9.2.6 of [3], the description of intra-slot hopping over multiple slots is missing. Intra-slot hopping could apply when inter-slot hopping is not configured. There are two alternatives of intra-slot frequency hopping pattern among different slots, as shown in Figure 1.

Alternative 1: the hopping pattern of PUCCH in the second slot is the same as that of the first slot. Example are shown in Figure 1(a) and Figure 1(c). In Figure 1(a) and Figure 1(c), the hopping patterns in both slots are the same, both from the lower PRB(s) to the higher PRB(s).
Alternative 2: the hopping pattern of PUCCH in the second slot is a switched hopping of that in the first slot. Switched hopping means the hopping direction in the second slot is opposite to that in the first slot. Examples are shown in Figure 1(b) and Figure 1(d). In Figure 1(b) and Figure 1(d), the hopping pattern in the first slot is from the lower PRB(s) to the upper PRB(s), while the hopping pattern in the second slot is from the upper PRB(s) to the lower PRB(s).
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Figure 1. Examples of frequency hopping pattern of long-PUCCH over multiple slots.

In Alternative 1, the number of available uplink symbols is unequal for PRBs on each sides of the band. In Figure 1(a), there are a total of 6 symbols operating on the upper PRB(s), but only 4 symbols operate on the lower PRB(s). The unequal number of symbols on each PRB(s) means that the diversity gain is not fully achieved. 

In Alternative 2, as shown in Figure 1(b), the number of available uplink symbols is equal for PRBs on each sides of the band, when the total number of uplink symbols allocated for PUCCH in two slots is even. Details of the proof is given in Appendix. As shown in Figure 1(b), in the first slot, the first 2 uplink symbols are allocated on the lower PRB(s) and 3 uplink symbols are arranged on the upper PRB(s); in the second slot, the first 2 uplink symbols are allocated on the upper PRB(s) and 3 uplink symbols are arranged on the lower PRB(s). Hence, the number of symbols operating on the upper and the lower PRB(s) are the same, meaning that full diversity gain is achieved. Another advantage is that it is easier to interpolate among DMRS when Slot 1 and Slot 2 are consecutive.

In Figure 1(c), the ratio of DMRS and UCI symbols on upper PRB is 1:2, and the ratio on lower PRB is 2:1. In Figure 1(d), the ratio of DMRS and UCI symbols on upper PRB and lower PRB are both 1:1, which result in performance advantage over Alterative 1.

Details of the performance gain from Alterative 2 to Alterative 1 is shown in Figure 2 and Figure 3. In Figure 2, Alternative 2 offers about 0.2 dB gain at 10^(-3) error rate of NACK to ACK error detection. As our analysis shows, such advantage is because of equal number of uplink symbols for each PRB. In Figure 3, Alterative 2 offers about 0.5 dB gain at 10^(-3) error rate of NACK to ACK error detection. Such advantage in performance is due to the reason that the ratio of DMRS and UCI symbols is 1:1 in Figure 1(d) and such ratio is either 2:1 or 1:2 in Figure 1(c).
Proposal 1: For long PUCCH over multiple slots, intra-slot hopping pattern is switched between slots to maximize frequency diversity gain.
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Figure 2. ACK/NACK detection performance between the same hopping pattern in both slots (cf. Figure 1(a) and Alternative 1) and switched hopping pattern among the slots (cf. Figure 1(b) and Alternative 2) for PUCCH using 10 symbols.
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Figure 3. ACK/NACK detection performance between the same hopping pattern in both slots (cf. Figure 1(c) and Alterative 1) and switched hopping pattern among the slots (cf. Figure 1(d) and Alternative 2) for PUCCH using 12 symbols.

3   Conclusions

In this contribution, we have the following proposal: 

Proposal 1: For long PUCCH over multiple slots, intra-slot hopping pattern is switched between slots to maximize frequency diversity gain.

4   Text Proposal for TS 38.213
---------------------------------------------- Start of Text Proposal ----------------------------------------------

-------------------------------------------- Unchanged parts omitted --------------------------------------------

9.2.6
UCI repetition procedure
For PUCCH formats 1, 3, or 4, a UE can be configured a number of slots, 
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, for a PUCCH transmission by respective higher layer parameters PUCCH-F1-number-of-slots , PUCCH-F3-number-of-slots, or PUCCH-F4-number-of-slots. 

For 
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· the UE repeats the UCI in the PUCCH transmission in the first slot of the 
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 slots in the PUCCH transmission in each of the remaining 
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 slots;
· a PUCCH transmission has the same number of consecutive symbols, as provided by higher layer parameter PUCCH-F1-F3-F4-number-of-symbols, in each of the 
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 slots; 
· a PUCCH transmission has a same first symbol, as provided by higher layer parameter PUCCH-F1-F3-F4-starting-symbol, in each of the 
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 slots; 
· the UE is configured by higher layer parameter PUCCH-F1-F3-F4-interslot-FH whether or not to perform frequency hopping for PUCCH transmissions in different slots. If PUCCH-F1-F3-F4-interslot-FH = ON, a first PRB for a PUCCH transmission is provided by higher layer parameter PUCCH-starting-PRB and a second PRB for a PUCCH transmission is provided by higher layer parameter PUCCH-2nd-hop-PRB.
· If the UE is configured to perform frequency hopping for PUCCH transmissions in different slots, 
· the UE performs frequency hopping per slot;
· the UE transmits the PUCCH starting from the first PRB in slots with even number and starting from the second PRB in slots with odd number. The slot indicated to the UE for the first PUCCH transmission has number 0 and each subsequent slot until the UE transmits the PUCCH in
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 slots is counted regardless of whether or not the UE transmits the PUCCH in the slot;   
· the UE is not expected to be configured to perform frequency hopping for a PUCCH transmission within a slot.
-
the UE is configured by higher layer parameter PUCCH-frequency-hopping and PUCCH-F1-F3-F4-interslot-FH whether or not to perform frequency hopping within a slot. If PUCCH-frequency-hopping =ON, and PUCCH-F1-F3-F4-interslot-FH = OFF, a first PRB for PUCCH transmission is provided by higher layer parameter PUCCH-starting-PRB and a second PRB for PUCCH transmission is provided by higher layer parameter PUCCH-2nd-hop-PRB.
· If the UE is configured to perform frequency hopping within a slot, 

· for the ith slot of 
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 slots, if i is odd, the first PRB is used for the first hop and the second PRB is used for the second hop in the ith slot; if i is even, the second PRB is used for the first hop and the first PRB is used for the second hop in the ith slot.
If the UE determines that, for a PUCCH transmission in a slot, the number of symbols available for the PUCCH transmission is smaller than the value provided by higher layer parameter nrofSymbols, the UE does not transmit the PUCCH in the slot. 
If a UE is provided higher layer parameter UL-DL-configuration-common, or is additionally provided higher layer parameter UL-DL-configuration-common-set2, or is additionally provided higher layer parameter UL-DL-configuration-dedicated for the slot format per slot over the number of slots, as described in Subclause 11.1, the UE determines the 
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 slots for a PUCCH transmission as the first slots starting from a slot indicated to the UE as described in Subclause 9.2.3 and having

· an UL symbol or flexible symbol for a symbol provided by higher layer parameter PUCCH-F1-F3-F4-starting-symbol is an UL symbol, and
· consecutive UL symbols or flexible symbols, starting from the symbol, equal to a number of symbols provided by higher layer parameter PUCCH-F1-F3-F4-number-of-symbols.
If a UE is not provided higher layer parameter UL-DL-configuration-common or higher layer parameter UL-DL-configuration-common-set2, the UE determines the 
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 slots for a PUCCH transmission as the 
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 consecutive slots starting from a slot indicated to the UE as described in Subclause 9.2.3. 
----------------------------------------------- End of Text Proposal ----------------------------------------------
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Appendix
A proof of Alternative 2 is shown as below. Assuming 
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 is the number of available uplink symbols in the first slot and 
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 is the number of available uplink symbols in the second slot, 
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 symbols are allocated with PRB(s) on one side and 
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 symbols are allocated with PRB(s) on the other side in the first slot, while 
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symbols are allocated with PRB(s) on the other side and 
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 symbols are allocated with PRB(s) on that one side. So there are 
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symbols with PRB(s) on one side, and 
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symbols with PRB(s) on the other side. When 
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are even, it follows from the definition of the floor and ceiling operators that 
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, i.e., the number of available uplink symbols is equal for PRBs on each sides of the band.
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