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1	Introduction
Disabling UL HARQ retransmission was agreed in NTN SI and captured in TR [2] while the LCP impact caused by disabling the HARQ uplink retransmission configuration is left to WI phase. Furthermore, in RAN2#111e meeting, configured grant to carry BSR was agreed to be further studied in UL scheduling enhancement to reduce UL scheduling latency in NTN.
In this paper, we discuss LCP impact in case HARQ UL retransmission is disabled as well as the issue to support configured grant for BSR.
2	Discussion
2.1	Disabling UL HARQ retransmission
For HARQ uplink retransmissions, the gNB has full control of whether a retransmission of the PUSCH would be needed or not. This is to control from NDI on the PDCCH for the UL grant (e.g. gNB may schedule the same HARQ process ID in PUSCH allocations by using the same or toggled NDI). In practice, there are two kinds of UL HARQ retransmission which can be decided by gNB implementation:
· Type1: HARQ uplink retransmissions which always rely on previous PUSCH transmission decoding result (e.g. retransmission triggered only if previous transmission decoded as failure)
· Type2: HARQ uplink retransmissions which is blindly scheduled by gNB (e.g. retransmission scheduled before availability of initial transmission decoding result)
If only Type1 is supported, then UL HARQ stalling will happen because long RTT in NTN (i.e. HARQ number exhausted as UE waits long RTT to reuse the HARQ process ID). Additionally, in SI TR38.821[2] section 9.2 (Recommendations from RAN2), it indicates support of multiple transmission of the same TB to lower residual BLER as conclusion of SI, with soft combining of multiple transmissions according to NR Rel.15 in the receiver. To avoid HARQ stalling and support multiple transmission of the same TB to lower BLER in NTN, we think Type2 blind UL retransmissions should be supported by gNB.
Observation 1: Blind UL HARQ retransmissions (which does not rely on previous PUSCH decoding result) is supported in current specification, which should be used in NTN to lower residual BLER. 
Based on gNB’s scheduling decision, there are different UL HARQ retransmission schemes available in NTN cell, with different expected performance from reliability/latency point of view. For example,
	#
	(Re)transmission schemes
	Expected Performance for corresponding HARQ

	1
	HARQ with multiple retransmissions relying on gNB packet decoding result.
	High reliability (up to retransmission number)
Relatively high latency


	2
	HARQ with no retransmission 
	Low reliability (note)
Relatively low latency


	3
	HARQ with high number of blind data retransmissions before availability of initial transmission decoding result
	High reliability (up to retransmission number)
Relatively medium latency


Note: Transmission reliability may rely on many factors (such as link adaptation and retransmission), while in general low reliability may occur if no retransmission happens at all, assuming similar LA algorithm in different scheme.
Observation 2: Different retransmission scheme in UL HARQ may result in different performance of the HARQ. 
On the other hand, different services may exist in one NTN UE with different bearer/logical channel. For example, the SRB and eMBB service may require different QoS requirement. (e.g. SRB needs high reliability, while eMBB DRB needs high throughput/low latency). To fulfil the service requirement, logical channel with different QoS requirement may need to be mapped to HARQ processes with different retransmission scheme. The SRB may be mapped to HARQ processes with high reliability (#1or #3 in the table) while the eMBB DRB may be mapped to HARQ process with low latency (#2 in the table).
In UL, it is UE who multiplex the packets from different services (logical channels) into one MAC PDU based on LCP (Logical Channel Prioritization) procedure. In TS38.321, many restrictions (e.g. allowedSCS-List /maxPUSCH-Duration etc) are defined and have been utilized jointly in LCP procedure in packet mapping while no HARQ related mapping restriction defined. So, we think HARQ related LCP restriction should be introduced in NTN.
Proposal 1: HARQ related LCP restriction should be considered if gNB supports different retransmission scheme in UL, to satisfy different services (logical channels) requirements in one NTN UE.
For cases with LCP to restrict HARQ process mapping, the UE need to know different HARQ’s retransmission scheme. E.g. if some HARQ processes are precluded from having retransmission support, or some HARQ processes having high number of retransmissions with high or low latency. 
Proposal 2: gNB should inform UE the UL HARQ retransmission scheme (e.g. disabling/enabling HARQ retransmission), to facilitate LCP to restrict the HARQ process mapping.

2.2	Configured Grant for BSR
Due to the larger propagation delay in NTN, the legacy SR-BSR procedure requires the UE to wait two RTTs before transmitting UL data, which may introduce significant latency to data transmission. The motivation to use configured grant (CG) to carry BSR is to avoid two RTT to report BSR, instead, only one RTT is enough.
To support UE reporting BSR to network in time via CG, the periodicity of the CG should be set properly. UE may report the BSR with time granularity of CG periodicity. The larger periodicity, the more delay of BSR report occurs in UE. If latency is key requirement of the packet transmission, it makes no sense to use CG with large periodicity to send BSR, as BSR on CG enhancement can only reduce one RTT (e.g. 26ms for LEO, altitude 600km in transparent mode).
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Figure 1: BSR on Configured Grant
Observation 3: The periodicity of the CG decides the BSR report delay, which should be set properly to reduce latency of data transmission. 
Furthermore, due to the large coverage characteristics of NTN, there are large number of active UEs within a cell. E.g.
· With the assumption of the typical cell size for GEO/LEO according to Table 7.2.1.1.1.2-1 in TR38.821[2].
· With the assumption of the UE density and activity factor according to Table B.2-1(the pedestrian scenario in NTN target performance, in TR38.821[2].)
We can calculate the total active UE number in GEO/LEO as illustrated in Table1.  In a GEO cell with a cell radius = 500 km, the maximum active UEs per cell can reach 975,000.
Table 1: Active UE number in GEO/LEO
	 
	Coverage (km2)
	Overall UE density per km2
	Activity factor
	Total Active UE 

	GEO
	650000 (r=500km)
	100
	1.50%
	975000

	
	650000
	
	
	

	
	650000
	
	
	

	
	162500 (r=250km)
	
	
	243750

	
	162500
	
	
	

	
	162500
	
	
	

	LEO
	26000 (r=100km)
	
	
	39000

	
	26000
	
	
	

	
	26000
	
	
	

	
	6500 (r=50km)
	
	
	9750

	
	6500
	
	
	

	
	6500
	
	
	


The calculated numbers of active UE are likely to be peak numbers and only for certain geographic areas. The average number of the cell might be much lower. 
However, if we assume all the peak number of active UEs in a cell can trigger BSR on CG, many PRB resources may need to be reserved. For example: if one UE occupied at least one PRB, with the CG periodicity=640ms (which is same as the maximum SR periodicity in Rel-16)
· In LEO with cell radius=100km, gNB need to reserve 61 PRB to report BSR via CG 
· In GEO with cell radius=500km, gNB need to reserve 1524 PRB to report BSR via CG. This is impossible for NR system.
Observation 4: If CG is used to report BSR in NTN, the system overhead for CG may be high to report BSR with proper periodicity. 
Even not all the peak number of active UE should be supported, the CG overhead issue is still valid to support large amount of UEs. To address the issue, the applicable scenario for BSR on CG may need to be limited, e.g. it is only applied to some geographic areas or some UEs with time-critical service, and/or even in limited time periods.
Proposal 3: RAN2 to discuss the CG overhead issue and further enhancements to facilitate BSR over CG solution.

3	Conclusion
Based on the discussion, the following observations and proposals have been made. 
Observation 1: Blind UL HARQ retransmissions (which does not rely on previous PUSCH decoding result) is supported in current specification, which should be used in NTN to lower residual BLER. 
Observation 2: Different retransmission scheme in UL HARQ may result in different performance of the HARQ. 
Proposal 1: HARQ related LCP restriction should be considered if gNB supports different retransmission scheme in UL, to satisfy different services (logical channels) requirements in one NTN UE.
Proposal 2: gNB should inform UE the UL HARQ retransmission scheme (e.g. disabling/enabling HARQ retransmission), to facilitate LCP to restrict the HARQ process mapping.
Observation 3: The periodicity of the CG decides the BSR report delay, which should be set properly to reduce latency of data transmission. 
Observation 4: If CG is used to report BSR in NTN, the system overhead for CG may be high to report BSR with proper periodicity. 
Proposal 3: RAN2 to discuss the CG overhead issue and further enhancements to facilitate BSR over CG solution.
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