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1	Introduction
Currently, enhancement of uplink configured grant for NR URLLC is being investigated for improving the performance of URLLC service. UL configured grant is an important feature for reducing the latency for UL transmission. 
In this contribution, we investigate the initial transmission opportunity for UL Configured Grant in order to reduce the alignment delay for transmission of an uplink transport block.
[bookmark: _Ref178064866]2	Discussion
In Rel-15, the first transmission of a transport block is described in TS 38.214 V15.3.0 (with updates after RAN1#94bis) as follows:
	6.1.2.3.1	Transport Block repetition for uplink transmissions with a configured grant
The higher layer configured parameters repK and repK-RV define the K repetitions to be applied to the transmitted transport block, and the redundancy version pattern to be applied to the repetitions. If the parameter repK is not provided in the configuredGrantConfig, the redundancy version for uplink transmissions with a configured grant shall be set to 0. Otherwise, for the nth transmission occasion among K repetitions, n=1, 2, …, K, it is associated with (mod(n-1,4)+1)th value in the configured RV sequence. The initial transmission of a transport block may start at 
-	the first transmission occasion of the K repetitions if the configured RV sequence is {0,2,3,1},
-	any of the transmission occasions of the K repetitions that are associated with RV=0 if the configured RV sequence is {0,3,0,3},
-	any of the transmission occasions of the K repetitions if the configured RV sequence is {0,0,0,0}, except the last transmission occasion when K=8. 
For any RV sequence, the repetitions shall be terminated after transmitting K repetitions, or at the last transmission occasion among the K repetitions within the period P, or when a UL grant for scheduling the same TB is received within the period P, whichever is reached first. The UE is not expected to be configured with the time duration for the transmission of K repetitions larger than the time duration derived by the periodicity P.



Thus, for a UL configured grant with RV sequence {0,2,3,1} or {0,3,0,3}, the initial transmission opportunity of a TB is limited. 
· For RV sequence {0,2,3,1}, the initial transmission can start at every 4-th transmission occasion;
· For RV sequence {0,3,0,3}, the initial transmission can start at every 2nd transmission occasion;
This is illustrated in Table 1 and Figure 1 below. 
Table 1. Rel-15: available transmission occasion n for first transmission of a TB
	RV sequence
	K=2
	K=4
	K=8

	{0,2,3,1}
	n=1
	n=1
	n=1,5

	{0,3,0,3}
	n=1
	n=1,3
	n=1,3,5,7
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Figure 1.	Example in Rel-15: 3 slots alignment delay due to RV
However, the restriction of using RV=0 only for first transmission is not necessary. In addition to RV=0, RV3 can be used for initial transmission of a TB because RV=3 is also self-decodable [2][3]. The RV definition for LDPC codes are shown in the Appendix for both base graph #1 and #2 to illustrate that RV=3 is intentionally defined to be self-decodable. Thus we have the following observation.
[bookmark: _Toc347823812][bookmark: _Toc347823993][bookmark: _Toc347824244][bookmark: _Toc7825743]For UL configured grant, Rel-15 unnecessarily restricts the first transmission of a TB to RV=0 only.
While the additional alignment delay due to RV is acceptable for eMBB traffic, this is not desirable for URLLC  which has very stringent delay requirement. To reduce the alignment delay for RV sequence {0,2,3,1} and {0,3,0,3}, we propose to make RV=3 available for initial transmission in addition to RV=0. 
With the enhancement, more transmission occasions are available for first transmission of a TB, as shown in Table 2. The alignment delay is reduced, as illustrated in the example of Figure 2.

Table 2. Enhanced: available transmission occasion n for first transmission of a TB
	RV sequence
	K=2
	K=4
	K=8

	{0,2,3,1}
	n=1
	n=1,3
	n=1,3,5,7

	{0,3,0,3}
	n=1,2
	n=1,2,3,4
	n=1,2,3,4,5,6,7,8
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Figure 2.	Example when enhanced: 1 slot alignment delay due to RV
Based on the above analysis, we have the following proposal.

[bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc7695725][bookmark: _Toc7827121]For Rel-16 UL configured grant, both RV=0 and RV=3 are available for the first transmission of a TB.
In another solution to reduce the alignment delay in initial transmission, the UE can transmit with RV=0 at the first transmission occasion (TO) after data arrival and then UE informs to gNB the selected RV-sequence through UCI. By this way, the alignment delay can be reduced. This is shown for an example in Figure 3 and Figure 4. Here the initial RV sequence is {0,2,3,1} and periodicity is 8 slots. In Figure 3 the alignment delay is more than 7 slots while in Figure 4 is less than one slot, since in Figure 4 UE is allowed to transmit in the TO after arrival with RV=0 and then informs gNB about the updated RV-sequence.
[image: ]
[bookmark: _Ref7695023]Figure 3. Alignment delay due to RV sequence.
[image: ]
[bookmark: _Ref7695037]Figure 4. Alignment delay if UE transmits by RV=0 at the first possible transmission occasion
Thus, we have the following observation:
[bookmark: _Toc7825744]Allowing UE to transmit at first TO after data arrival using RV=0 can reduce alignment delay.
To enable the transmission first transmission with RV 0 after data arrival in the immediate TO (TO may be designated with another RV than RV 0), the gNB may always decode this first repetition with RV 0. 
[bookmark: _Toc7827122]gNB always decodes the first repetition transmitted over any TO with RV=0. 

[bookmark: _Ref189046994]3	Conclusion
This contribution addresses the issue of allowed occasion for first transmission of a transport block in UL configured grant. Based on the discussion in the previous sections we propose the following:

Observation 1	For UL configured grant, Rel-15 unnecessarily restricts the first transmission of a TB to RV=0 only.
Observation 2	Allowing UE to transmit at first TO after data arrival using RV=0 can reduce alignment delay.

Proposal 1	For Rel-16 UL configured grant, both RV=0 and RV=3 are available for the first transmission of a TB.
Proposal 2	gNB always decodes the first repetition transmitted over any TO with RV=0.
[bookmark: _GoBack]
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Appendix. RV definition of LDPC codes
In LTE, RV definition only ensures that RV=0 is self-decodable for high code rate. In contrast, in NR, RV definition also ensures that RV=3 is self-decodable for high code rate. Thus, for NR both RV=0 and 3 are considered self-decodable for initial transmission of a TB.
The RV definition of LDPC codes BG (base graph) #1 and #2 are shown below, when limited-buffer rate matching (LBRM) is not applied. When LBRM is applied, self-decodability is satisfied even more easily.
[image: ][image: ]
Figure 5.	RV definition for LDPC codes in NR when LBRM is not applied
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