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Introduction
In RAN #71, a new study item New Radio (NR) Access Technology was approved. In the previous RAN1 meeting, lot of contributions discussed about long PUCCH transmission over multiple slots. The following agreements were made regarding the multi slot transmission of long PUCCH.  
Agreements:
· 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 

Agreements:
· For long PUCCH over multiple slots, inter-slot hopping is supported by configuration
· FFS details
· For long PUCCH over multiple slots, the intra-slot hopping and inter-slot hopping are not enabled at the same time for a UE

Agreements:
· Each slot in the multiple slots for long-PUCCH over multiple slots is always contained with a slot
· For long PUCCH with more than 2 bits over multiple slots, all UCI bits are encoded and transmitted in each slot

Agreements:
· For long PUCCH over multi-slots, for the case duration of long PUCCH in each slot is the same, the number of slots with long PUCCH transmission is configurable in a UE-specific manner
· Up to 4 possible RRC configured numbers, detailed values FFS

In this contribution, we describe our views on support of long PUCCH over multiple slots. 
 Frequency Hopping for Multi Slot Transmission of Long PUCCH
[bookmark: _Ref378529477]In our view, the NR PUCCH is deployed in higher frequencies compared to that of LTE PUCCH. However to match the coverage of LTE PUCCH, NR needs new techniques to mitigate the losses due to propagation at higher frequencies.  In our evaluations, we observed that receive diversity as one technique to mitigate the path loss at higher frequency. However, if the PUCCH is repeated over multiple slots, we can get additional diversity as the received needs to aggregate the symbols in the slots and use maximum ratio combining for decoding the long PUCCH. That is additional diversity can be obtained if we use multi slot based transmission for long PUCCH.  
As an example, Figure 1 shows the BLER plot for PUCCH format 1 with2   bits of HARQ-ACK when LTE-PUCCH is deployed at 700 MHz band and NR-PUCCH is deployed at 1800 MHz band. It can be observed that with 4 slots of PUCCH, we can match the coverage of LTE. 
[image: ]
Figure 1 BLER comparison for PUCCH format 1 with multi slot transmission


Similarly, Figure 2 shows the PUCCH format 3 with Pi/2 BPSK modulation and CSI length equal to 4 bits. In this case, too we observed that NR can match the coverage of LTE at low bands by using 2 slot operation. [image: ]
Figure 2 BLER comparison for PUCCH format 3 with multi slot transmission

In the above simulations, we used the frequency hopping pattern for each slot is same.  However in our view, we can achieve more diversity gain, if the network can configure different hopping patterns for each slot. Say for example if the network can define 4 frequency hopping patterns and allocate different patterns for each slot, then the gains achieved with multiple slots can be improved. Hence we propose that network should be able to signal different frequency hopping patterns (intra slot) for multi slot PUCCH transmission.
Proposal 1:  For NR multi slot PUCCH transmission, the network should be able to configure same/different frequency hopping patterns for each slot to improve frequency diversity
ACK/NAK Bundling and Multiplexing with HARQ-ACK Repetition 
As explained in above section, the coverage of NR can be improved by repeating the HARQ-ACK information. However when the HARQ-ACK is repeated the network can’t schedule the UE in consecutive time intervals. i.e. say if the network configures the UE with HARQ-ACK repetition is equal to 2. Say the network schedules the UE with PDSCH say at time interval T1, then the network can’t schedule the UE another PDSCH at T1+1. This is because the UE needs to transmit the HARQ-ACK for the PDSCH transmitted at the T1 and it should repeat the information in the next reporting. This means that if we look at the aggregate throughput over 8 time intervals (say), then the peak throughput is reduced by 2 times if we use a repetition factor equal to 2.  Hence even though we improve the coverage of PUCCH by using repetition, the peak throughput is reduced.  In this section, we propose two techniques to improve the coverage, while at the same time without impacting the peak data rate.
Multiplexing of HARQ-ACK information multiple time intervals 
In this method, the UE multiplexes the HARQ-ACK information from multiple time intervals so that gNB can schedule the UE without any interruption. For example, say K1 = 2 and say the network node schedules the UE with first PDSCH at time T1 and second PDSCH at time T2 and third PDSCH at time T3. Then the UE reports HARQ-ACK corresponding to the first PDSCH at reporting interval T4.  HARQ-ACK corresponding to the first PDSCH and second PDSCH at reporting interval T5. HARQ-ACK corresponding to the second PDSCH and third PDSCH at time interval T5 and so on.  Note that in this scheme the UE needs to interlace the HARQ-ACK information corresponding to two different instances. 

Let’s say the HARQ-ACK codebook is defined with a length 12 sequence and let N is the cardinality or the size of the codebook. Then in the conventional method HARQ-ACK is represented by as shown in Table 1.
Table 1 Sequence transmission without HARQ- ACK Repetition
	HARQ-ACK
	Sequence

	0 (NAK)
	Sequence 1

	1(ACK)
	Sequence 30




With HARQ-ACK multiplexing, Table 2 shows an example of the interlaced HARQ-ACK with multiplexed from two time intervals


Table 2 Sequence transmission using multiplexing technique
	HARQ-ACK
	HARQ-ACK
	Sequence

	0 (NAK)
	0(NAK)
	Sequence 2

	1(ACK)
	0(NAK)
	Sequence 29

	0 (NAK)
	1(ACK)
	Sequence 12

	1(ACK)
	1(ACK)
	Sequence 20



The same principle can be extended to multiple time intervals.

Bundling of HARQ-ACK information multiple time intervals 
In this method, the UE bundles HARQ-ACK information from multiple time intervals so that the gNB can schedule the UE without any interruption. For example, say K1 = 2 and say the gNB schedules the UE with first PDSCH at time T1 and second PDSCH at time T2 and third PDSCH at time T3. Then the UE reports HARQ-ACK corresponding to the first PDSCH at reporting interval T4.  Bundled HARQ-ACK corresponding to the first PDSCH and second PDSCH at reporting interval T5, where the bundling is defined as in Table 3

Table 3 Bundling of HARQ-ACK information  over two time intervals
	HARQ-ACK 1
	HARQ-ACK 2
	Bundled HARQ-ACK

	0 (NAK)
	0(NAK)
	0(NAK)

	1(ACK)
	0(NAK)
	0(NAK)

	0 (NAK)
	1(ACK)
	0(NAK)

	1(ACK)
	1(ACK)
	1(ACK)



Note that with bundling, the ACK is transmitted only when the HARQ-ACK for the two PDSCHs needs to be ACK. The same principle can be extended over multiple time intervals.  Once the bundled HARQ-ACK is determined the two sequences can be used to transmit the bundled HARQ-ACK as in Table 4.  
Table 4 Sequence transmission using  bundled HARQ-ACK  technique
	Bundled HARQ-ACK
	Sequence

	0 (NAK)
	Sequence 1

	1(ACK)
	Sequence 30




[bookmark: _GoBack]Proposal 2:  Multiplexing and Bundling techniques should be supported to reduce the impact of peak throughput when HARQ-ACK is repeated
[bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Conclusions
In this contribution we describe our views on support of long PUCCH over multiple slots
Based on our observations, we have the following proposals:
[bookmark: _Ref450342757]Proposal 1:  For NR multi slot PUCCH transmission, the network should be able to configure same/different frequency hopping patterns for each slot to improve frequency diversity
Proposal 2:  Multiplexing and Bundling techniques should be supported to reduce the impact of peak throughput when HARQ-ACK is repeated
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