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1. [bookmark: OLE_LINK57][bookmark: OLE_LINK58]Introduction
[bookmark: OLE_LINK98][bookmark: OLE_LINK99]In RAN1 #90bis meeting [1], many agreements on PUCCH codebook determination have been made, i.e.
	Agreements:
· For NR non-CA, both semi-static and dynamic HARQ-ACK codebook are supported by configuration
· Note: the “by-configuration” is also applicable to the CA case
Agreements:
· Dynamic HARQ-ACK codebook (per PUCCH group) for the case without CBG configuration
· HARQ-ACK codebook determination based on counter DAI and total DAI
· Use LTE as starting point
· FFS details
Agreements:
·  ‘Semi-static’ HARQ-ACK codebook (per PUCCH group) is at least determined by 
· Configured number of DL Cells
· The max number of TBs based on configuration for each DL cell
· Configured number of CBGs per TB per configured DL cell
· FFS: Handling of different numerology between UL and DL
· Details FFS
· Dynamic HARQ-ACK codebook (per PUCCH group) with CBG configuration at least for one serving cell
· Details FFS


Meanwhile, HARQ-ACK codebook determination in the case of CA especially when more than one numerology are used in one PUCCH group has been well discussed in [2][3][4][5]. Some feasible methods of HARQ-ACK codebook determination are raised including: semi-static HARQ-ACK codebook, CCs grouping based dynamic HARQ-ACK codebook, or across different TTI length CCs DAI based dynamic HARQ-ACK codebook, etc. Some further discussion from our views will be given in section 3. In RAN #77 meeting, NR scope was discussed and it was agreed in [6] that RAN1 aims to complete the feature of the same numerology within the same PUCCH group (including both DL and UL) by December 2017, which means that AT LEAST the same numerology in one PUCH group should be supported by NR release 15.
In this contribution, we will discuss the motivation and necessity of supporting different numerologies in one PUCCH group. It is proposed that RAN1 should complete MORE THAN what has been defined in RAN plenary meeting, i.e. supporting different numerologies in one PUCCH group. Furthermore, we will also discuss and propose the solutions to the problems related to multiple numerologies in one PUCCH group.
2. [bookmark: OLE_LINK71][bookmark: OLE_LINK72]Necessity of different numerology in one PUCCH group 
It has been agreed that the number of DL carrier is 2 in the case of inter-band CA and UL CA is not supported in NR release 15 for both intra-band and inter-band CA [7]. This means there is only one PUCCH group. Therefore, if there can only one numerology in one PUCCH group, then the cell in different bands will have to use the same numerology, which will dramatically degrade the performance of inter-band CA.
Let’s take CA band combination ‘n28(700~800MHz)+n78 (3.3~3.8GHz)’ [7] as an example, it is well known that 15kHz will be the most suitable SCS for the carrier of 700MHz due to requirement of large coverage and large delay spread. Meanwhile, 30kHz SCS is the favorite of the carrier around 3.5GHz (i.e. band n78) since we need to combat large frequency offset and want to achieve lower C-plane and U-plane latency.
When both bands use 30kHz SCS, the performance loss at large SNR range at band n28 is seen in Fig 1 due to the large delay spread and lack of CP protection. The detailed simulation assumptions can be found in Appendix. Additionally, due to the short slot duration, the UL coverage at band n28 will also be damaged and slot bundling or aggregation has to be used, which reduce the efficiency of resource utilization.
[image: ]
[bookmark: _Ref498677823]Fig 1 Performance of 15kHz and 30kHz SCS @ band n28
When both bands use 15kHz SCS, in addition to the performance loss at band n78 due to larger frequency offset, latency is another concern. Since the frame structure of unpaired spectrum is still under discussion, we take LTE frame structure of D/U configurations with 2 switching point as an example and use the analysis methods in [8] with exception of utilizing asynchronous UL HARQ and halving gNB and UE’s processing time. Asynchronous UL HARQ enables UL retransmission occurring at the closest UL slot once the error is detected (i.e. taking the process time into account). the assumed processing time is based on the agreement in RAN1#90b [1], i.e. the gNB and UE’s processing time at Capability #1 would be 8 (13 considering additional DMRS) and 9 OFDM symbols with 15kHz SCS, which is approximately half of what is assumed in LTE.
[bookmark: _Ref498633378]Table 1 U-plane latency analysis with 10% HARQ BLER (average in downlink)
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[bookmark: _Ref498633380]Table 2 U-plane latency analysis with 10% HARQ BLER (average in uplink)
[image: ]
It can be observed in Table 1 and Table 2 that in most of cases, both DL and UL cannot satisfy the 4ms U-plane latency requirement of NR eMBB if 15kHs SCS is used. It is noted that above analysis doesn’t consider the impact of SR delay and propagation time, which will make latency problem more severe.
Observation 1: using the same numerology for inter-band CA will dramatically degrade system performance.
Proposal 1: Different numerologies in one PUCCH group are supported in R15.
3. Determination of HARQ-ACK Codebook
Although CA with more than 5 CCs is supported in LTE, it is not be deployed in the real network. Therefore, in order to complete all relevant CA features on time, we propose only considering CA with 5 CCs in one PUCCH group in Rel-15.
Proposal 2: The number of CCs with the same or different numerology in one PUCCH group does not exceed 5 at least in Rel-15.
In LTE, when the number of CC is no more than 5, semi-static codebook is used when there is no UL GRANT. Meanwhile, dynamic codebook is used when there is UL GRANT. Regarding to HARQ-ACK multiplexing in NR, three issues need to be further considered: 
· different slot (TTI) length (due to different numerology) per CC 
· different configuration of CBG per CC
· non-slot based transmission
· Semi-static HARQ-ACK codebook when there is no UL GRANT
The HARQ-ACK codebook size can be determined based on the configured number of CCs and the number of slots within the bundling window. 
[bookmark: OLE_LINK10]In NR, CBG based feedback has been introduced to improve the efficiency of retransmission. Meanwhile, the size of semi-static HARQ-ACK codebook will be increased, which means a larger overhead of UL feedback. However, CBG based feedback is usually configured for the UE with high SNR. A larger payload size for UL feedback will be supported correspondingly. So semi-static HARQ-ACK codebook can also be used even if CBG based feedback is configured. 
On the other hand, the number of slots may be different for CCs with different numerology in NR. Fortunately, a common understanding of HARQ-ACK codebook between UE and gNB can still be achieved. 
For example, more slots will be involved within HARQ bundling window for the CC with larger SCS. The number of slots for each CC can be determined based on each numerology respectively. The HARQ-ACK codebook size will be determined by the sum of slots of each CC. Also, the set of HARQ-ACK timing values will be configured by RRC signaling. The DL slots corresponding to PUCCH slot can be determined based on values in the set. Then the HARQ-ACK codebook size can be determined by the number of slots of each CC and number of CCs. 
As analyzed above, semi-static HARQ-ACK codebook for different numerology in one PUCCH group can also be used in NR. 
[bookmark: OLE_LINK35]Observation2: Even if CBG and dynamic timing indication are configured, the semi-static HARQ-ACK codebook for different numerology in one PUCCH group can also be used.
· Dynamic HARQ-ACK codebook when there is UL GRANT
As agreed in RAN1#90bis [1], the issue on how to hand DL assignments later than UL grant will not be considered in Rel-15. 
	Agreements:
· Regarding handling the possibility of DL assignments later than UL grant, to down-select between:
· Alt 1: Limit to up to X ACK bits for later DL assignments. ACK bits for later DL assignments puncture PUSCH
· X=2 for slot-based scheduling
· FFS X for non-slot based scheduling
· Alt 2: Uplink grant indicates number of ACK/NACK bits including past and estimated future DL assignments. UE computes ACK/NACK resources based on indicated number of ACK/NACK bits 
· FFS other details
· If no consensus can be achieved by the end of this week, the following will be agreed:
· In Rel-15, do not support the case when DL assignments are later than UL grant mapped to the same time instance for HARQ-ACK transmission on PUSCH


This agreement is also applicable to CA case. So the mechanism similar to LTE can be used., i.e. containing counter DAI in each PDCCH with DL assignment, and carrying total DAI in the PDCCH with UL GRANT. As ong as UL GRANT together with total DAI is received, the dynamic HARQ-ACK codebook will be determined, and any further DL assignments corresponding to current feedback slot will be blocked. 
Fig 2 gives an example of dynamic HARQ-ACK codebook for different numerology in one PUCCH group. Different from LTE, PDCCH monitoring occasions for each CC may be different due to different TTI length. And UE can monitor PDCCH based on configuration for each CC. The counter DAI will follow the principle of 'frequency first'.
It is noted that PDSCH scheduling in the last several slots behind UL GRANT in the bundling window will be forbidden at least in Rel-15 according to above agreement. 


[bookmark: _Ref498717501]Fig 2 An example of dynamic HARQ-ACK codebook for different numerology in one PUCCH group
Observation 3: when there is UL GRANT, dynamic HARQ-ACK codebook can be used.
[bookmark: OLE_LINK1]Proposal 3: NR CA adopt scheme of codebook determination similar to LTE:
· Semi-static codebook is used when there is no UL GRANT, and the HARQ-ACK codebook size can be determined by the number of slots of each CC, max number of CBG and number of CCs.
· Dynamic codebook is used when there is UL GRANT, and the HARQ-ACK codebook size can be determined by total DAI.  
4. Conclusions
According to the discussion in this contribution, we have the following observations:
Observation 1: using the same numerology for inter-band CA will dramatically degrade system performance.
Observation2: Even if CBG and dynamic timing indication are configured, the semi-static HARQ-ACK codebook for different numerology in one PUCCH group can also be used.
Observation 3: when there is UL GRANT, dynamic HARQ-ACK codebook can be used.
Based on the observation, we have the following proposals
Proposal 1: different numerologies in one PUCCH group is supported in R15
Proposal 2: The number of CCs with the same or different numerology in one PUCCH group does not exceed 5 at least in Rel-15.
Proposal 3: NR CA adopt scheme of codebook determination similar to LTE:
· Semi-static codebook is used when there is no UL GRANT, and the HARQ-ACK codebook size can be determined by the number of slots of each CC, max number of CBG and number of CCs.
· Dynamic codebook is used when there is UL GRANT, and the HARQ-ACK codebook size can be determined by total DAI. 
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Appendix
Table 3 Simulation Assumptions
	[bookmark: _Hlk462826262]Parameter
	Value

	Coding, modulation, etc
	LTE PDSCH 

	Subcarrier spacing (kHz)
	15

	CP duration (us)
	5.2/4.7 for 15kHz
2.6/2.35 for 30kHz

	Symbols per 1 ms subframe 
	14 for 15kHz
28 for 30kHz

	Waveform
	CP-OFDM 

	Tx/Rx antennas 
	1 Tx / 2 Rx antennas

	Channel estimation 
	Genie-based

	# of used PRBs in frequency 
	6

	subframe length (ms)
	1

	Carrier Frequency (GHz)
	0.7GHz

	Channel model 
	TDL A with DS = 1000,Speed:  30 km/h 

	Link adaptation 
	Fixed resource allocaiton with MCS adaptation. OLLA enabled

	Performance metric 
	Spectral efficiency = Throughput/BWu , where BWu is the bandwidth for data transmission
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