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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: _GoBack]Introduction & Background
Some discussion was occurred in Athens RAN1#88 meeting. And some concrete proposals were proposed for eMBB Harq Process Number [1]. This contribution further discusses the design principle for HARQ process number design from LTE design history and provides a set of concrete proposals for the NR eMBB downlink and uplink HARQ process number.
2. Design Philosophy
In LTE FDD/TDD HARQ process number design, the followings are considered [2],
· UL/DL asymmetry
· Radio transmission latency
· UE decoding/processing ability
· Uplink ACK/NACK overhead and performance
· NodeB scheduling/processing ability
· …
To determine the DL maximum number of DL/UL HARQ process:
· 3ms processing time in the eNodeB and 3ms minus the roundtrip propagation time in the UE.
To determine the UL maximum number of DL/UL HARQ process:
· 3ms processing time in the UE and 3ms minus the roundtrip propagation time in the eNodeB.
This section discusses additional design philosophy for NR HARQ process number.
Processing time
Considering NR UE capability, some UEs will support one DL/UL HARQ process and some UEs will support more than one DL/UL HARQ processes. Therefore it seems reasonable to have different maximum number of HARQ process supported by different UE capabilities. 
The round trip time (RTT) can be determined by different processing time, e.g., 
· Low round trip time: for low latency services, e.g., URLLC. 
· High round trip time: for latency-insensitive or tens of ms latency services, e.g., file downloading, video/voice interaction, 
The contribution discusses the HARQ process number for the high round trip time case, i.e., eMBB case. 
NR frame structure
NR introduces additional characteristics which also need to take into account for HARQ process number issue. Considering NR frame structure, it seems to have very flexible uplink/downlink configuration for every slot. Data and its corresponding acknowledgement shall follow the rules in the Table 1.


Table 1. Rules for determining data/acknowledgement transmission
Note that for UL centric slot, the downlink data is not scheduled according to Table.1. This assumes the transmission of the data is not time-critical, and scheduled the eMBB downlink data on a very short uplink centric slot may not be efficient. The same principle for uplink data, it is not scheduled on a DL centric slot.
Subframe-specific HARQ timing
In LTE, the subframe index for ACK/NACK transmission is determined by the subframe index of the data transmission. Such implicit indication can reduce signaling overhead. We call it subframe-specific HARQ timing.
NR introduces new mechanism which allows to have a field in the DCI to indicate the timing relation from a set of values. 
On top of that, in Spokane NR Adhoc, it is agreed that timing(s) is (are) defined at least for the case where the timing(s) is (are) unknown to the UE. For such case, it is recommended that subframe-specific HARQ timing is kept.
Slot direction restriction with LTE-TDD on adjacent carrier
The minimum value of maximum HARQ process time can be achieved by assuming every slot was flexible, i.e., data and its corresponding acknowledgement can be transmitted on every slot.
However, considering NR-TDD Coexistence with LTE-TDD, e.g., NR and LTE are deployed on adjacent channel, some slot(s) can only be scheduled with certain transmission direction. Otherwise NR-TDD may cause interference to LTE TDD.
For example, in LTE TDD, 
· Subframe 2 is always uplink. Therefore, NR shall avoid any downlink transmission when considering maximum HARQ process time, i.e., only UL only slot is used. 
· Subframe 1 is always special subframe. Therefore, NR shall avoid any DL only or UL only transmission when considering HARQ process time. 
However, from practical deployment perspective, TDD configuration 1 and configuration 2 is most often used for consideration. 
3. Computer searching Results
According to the aformentioned principles, the maximum HARQ process number for each configuration can be obtained by computer searching. 
For example :
Coexistence with LTE TDD configuration 2
NR downlink, RTT = 11.25, number of Process =9, Required slots for processing >3 (LTE assumption)


Coexistence with LTE TDD configuration 1
NR uplink, RTT = 10, number of Process =6, Required slots for processing >3


Note :
D : DL only	D+ :DL centric	U : UL only	U+ : UL centric

1xLTE SCS, 1xLTE processTime  (NR SCS=15kHz, slot=1ms)
Required slots for processing >3 (i.e., >3ms)
	NR coexistence with
	NR DL HARQ
	NR UL HARQ

	
	SF conf.
	#ofProcess
	
	SF conf.
	#ofProcess
	

	LTE TDD conf.1
	DD+UUD
	6
	
	DU+UUD
	6
	

	LTE TDD conf.2
	DD+UDD
	9
	
	DU+UDD
	4
	


Required slots for processing >2 (i.e., >3ms)
	NR coexistence with
	NR DL HARQ
	NR UL HARQ

	
	SF conf.
	#ofProcess
	
	SF conf.
	#ofProcess
	

	LTE TDD conf.1
	DD+UUD
	4
	
	DU+UUD
	4
	

	LTE TDD conf.2
	DD+UDD
	7
	
	DU+UDD
	3
	



2xLTE SCS, 1xLTE processTime  (NR SCS=30kHz, slot=0.5ms)
Required slots for processing >6 (i.e., >3ms)
	
	NR DL HARQ
	NR UL HARQ

	
	SF conf.
	#ofProcess
	
	SF conf.
	#ofProcess
	

	LTE TDD conf.1
	DDDD+UUUUDD
	11
	
	DDDU+UUUUDD
	9
	

	LTE TDD conf.2
	DDDD+UUDDDD
	17
	
	DDDU+UUDDDD
	6
	


Required slots for processing >4 (i.e., >2ms)
	
	NR DL HARQ
	NR UL HARQ

	
	SF conf.
	#ofProcess
	
	SF conf.
	#ofProcess
	

	LTE TDD conf.1
	DDDD+UUUUDD
	7
	
	DDDU+UUUUDD
	5
	

	LTE TDD conf.2
	DDDD+UUDDDD
	13
	
	DDDU+UUDDDD
	3
	



2xLTE SCS, 0.5xLTE processTime  (NR SCS=30kHz, slot=0.5ms)
Required slots for processing >3 (i.e., >1.5ms)
	
	NR DL HARQ
	NR UL HARQ

	
	SF conf.
	#ofProcess
	
	SF conf.
	#ofProcess
	

	LTE TDD conf.1
	DDDD+UUUUDD
	7
	
	DDDU+UUUUDD
	5
	

	LTE TDD conf.2
	DDDD+UUDDDD
	13
	
	DDDU+UUDDDD
	3
	


Required slots for processing >2 (i.e., >1ms)
	
	NR DL HARQ
	NR UL HARQ

	
	SF conf.
	#ofProcess
	
	SF conf.
	#ofProcess
	

	LTE TDD conf.1
	DDDD+UUUUDD
	6
	
	DDDU+UUUUDD
	5
	

	LTE TDD conf.2
	DDDD+UUDDDD
	9
	
	DDDU+UUDDDD
	3
	



1xLTE SCS, 0.5xLTE processTime  (NR SCS=15kHz, slot=1ms)
Required slots for processing >1 (i.e., >1 or 1.5ms)
	NR coexistence with
	NR DL HARQ
	NR UL HARQ

	
	SF conf.
	#ofProcess
	
	SF conf.
	#ofProcess
	

	LTE TDD conf.1
	DD+UUD
	3
	
	DU+UUD
	3
	

	LTE TDD conf.2
	DD+UDD
	5
	
	DU+UDD
	2
	



Proposal:  maximum HARQ process number for NR TDD is listed as follows:
For required slots for UE/gNB processing time >3ms case (1x LTE)
· DL max = 9, UL max = 6, if only 1x LTE SCS is considered for LTE-NR coexistence
· DL max = 17, UL max = 9, if both 1x and 2x LTE SCS is considered for LTE-NR coexistence
For required slots for UE/gNB processing time >2ms case (shorter than LTE)
· DL max = 7, UL max = 4, if only 1x LTE SCS is considered for LTE-NR coexistence
· DL max = 13, UL max = 5, if both 1x and 2x LTE SCS is considered for LTE-NR coexistence
For required slots for UE/gNB processing time >1.5ms case (0.5x LTE)
· DL max = 5, UL max =3 , if only 1x LTE SCS is considered for LTE-NR coexistence
· DL max = 13, UL max = 5, if both 1x and 2x LTE SCS is considered for LTE-NR coexistence
For required slots for UE/gNB processing time >1ms case (shorter than 0.5x LTE)
· DL max = 5, UL max =3 , if only 1x LTE SCS is considered for LTE-NR coexistence
· DL max = 9, UL max = 5, if both 1x and 2x LTE SCS is considered for LTE-NR coexistence
4. Conclusion
In this contribution, based on LTE TDD HARQ process number design history and principles together with computer searching, we give the following proposals for the NR eMBB downlink and uplink HARQ process number: 
Proposal:  maximum HARQ process number for NR TDD is listed as follows:
For required slots for UE/gNB processing time >3ms case (1x LTE)
· DL max = 9, UL max = 6, if only 1x LTE SCS is considered for LTE-NR coexistence
· DL max = 17, UL max = 9, if both 1x and 2x LTE SCS is considered for LTE-NR coexistence
For required slots for UE/gNB processing time >2ms case (shorter than LTE)
· DL max = 7, UL max = 4, if only 1x LTE SCS is considered for LTE-NR coexistence
· DL max = 13, UL max = 5, if both 1x and 2x LTE SCS is considered for LTE-NR coexistence
For required slots for UE/gNB processing time >1.5ms case (0.5x LTE)
· DL max = 5, UL max =3 , if only 1x LTE SCS is considered for LTE-NR coexistence
· DL max = 13, UL max = 5, if both 1x and 2x LTE SCS is considered for LTE-NR coexistence
For required slots for UE/gNB processing time >1ms case (shorter than 0.5x LTE)
· DL max = 5, UL max =3 , if only 1x LTE SCS is considered for LTE-NR coexistence
· DL max = 9, UL max = 5, if both 1x and 2x LTE SCS is considered for LTE-NR coexistence
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