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Introduction
Email discussion on UL transmission without UL grant was triggered and some agreements are achieved [1]:
Agreements:
•        For UL transmission without UL grant, for each configuration 
–       The number of configured HARQ processes is explicitly configured by RRC    
–       Each configuration can have multiple HARQ processes 
•        The value range is {1, 2… M}, where M value is FFS
Agreements:
•      For Type 1 and Type 2 UL transmission without grant, RNTI(s) is/are configured by UE-specific RRC signaling.
–      Whether the same or different RNTI(s) for Type 1 and Type 2 can be decided by RAN2.
•   Within each type, an RNTI is configured by UE-specific RRC signaling at least for one resource configuration in a serving cell
Agreements:
•        For UL transmission without UL grant, 
–       The HARQ ID for a TB should be the same during the repetitions and retransmissions if any.
–       The HARQ ID is at least determined by 
•        the number of HARQ processes in the configuration
•        the time-domain resource for the UL data transmission
•         FFS: other factors such as frequency-domain resource, DMRS, repetition K dependency on initial transmission.
Working assumption:
•        For UL transmission without UL grant, for a TB transmission with K repetitions 
–     The repetitions follow an RV sequence and it is configured by UE-specific RRC signalling to be one of the following: 
•     Sequence 1: {0, 2, 3, 1}
•     Sequence 2: {0, 3, 0, 3}
•     Sequence 3: {0, 0, 0, 0}
In this contribution, we share our views on details on agreement and remaining open issues.
HARQ procedure in grant-free
1.1 Transmission pattern
In order to understand HARQ procedure, it is necessary to clarify transmission pattern and related parameter definition firstly. In LTE, equal spaced time resources are configured for SPS, as shown in Figure 1. In NR, K repetition has been supported to satisfy QoS of URLLC. If we keep the same design as LTE, the interval between multiple transmissions for one TB and the period between different TBs should be the same. However, period depends on traffic arrive time and repetition interval depends on delay budget, so the period and interval are usually different. To get suitable value for both period and interval, redundant reserved uplink resource or schedule delay may be introduced to some extent. Therefore, flexible transmission pattern should be supported.


Figure 1 Transmission pattern based on LTE signaling

Figure 2(a) and Figure 2(b) are typical transmission pattern for URLLC. To describe this flexible transmission pattern, period and interval are defined. Period is the time interval between two adjacent TB and the interval is the time interval between two adjacent transmissions of the same TB.


(a)


(b)
 
Figure 2 Flexible transmission patterns

In email discussion, there is one question whether support same solution as multiple slot scheduling discussed in DL/UL resource allocation session for time-domain resource allocation with K repetitions. Current agreed DL/UL resource allocation only supports continuous K repetition. In other words, interval always equals to one transmission occasion. 
However, taking early termination into consideration, spaced K repetition could provide more efficient resource utilization and reduce redundant retransmission. As shown in Figure2, if ACK is feedback immediately after the first transmission occasion, there is one redundant retransmission for continuous K repetition and no redundant retransmission for spaced K repetition. Therefore, it is suggested that spaced resource allocation should be supported in grant free.

Proposal 1: To describe flexible transmission pattern, period and interval are defined. Period is the time interval between two adjacent TB and Interval is the time interval between two adjacent transmissions of the same TB.
· Spaced resource allocation should be supported in grant free.
1.2 Flexible initial transmission occasion
Another topic in RAN1 and RAN2 email discussion is whether the initial transmission of the K repetitions can be performed at any configured resource. In our opinion, the initial transmission of the K repetitions should be performed at any configured resource to avoid additional latency. Otherwise, benefit from grant free could not be achieved due to additional latency from restriction of initial transmission occasion.
However, flexibility of initial transmission occasion needs additional resource overhead, such as cyclic shifts in DMRS or different frequency locations. Take additional frequency location as an example, if repetition number is 4, then 4 different frequency location needs to be reserved. Comparing with fixed initial transmission occasion, resource overhead increases 300%.
In addition, flexible initial transmission occasion is not necessary for periodic UL URLLC traffic and eMBB traffic. In particular, for periodic UL URLLC traffic, an alignment of periodicity and offset can be achieved by network implementation or another signaling.
Therefore, flexible and non-flexible initial transmission occasion should be supported, and initial transmission occasion pattern could be configured per grant-free configuration.
Proposal 2: Flexible and non-flexible initial transmission occasion should be supported.
· Initial transmission occasion pattern can be configured per grant-free configuration.
1.3 HARQ ID determination
One principle of HARQ ID determining is that HARQ ID for a TB should be the same during the repetitions and retransmission if any.  But the details are still open.
One method is to reuse SPS HARQ ID determining method in LTE, as the following formula.

 .

When we apply this formula for grant free with K repetition, the calculated HARQ ID of multiple transmission of a TB may be different. As shown in Figure 3, there is one grant free resource configuration with period of 5ms and offset of 3ms, repetition number is 3. Based on above calculation, HARQ ID for 1st TB is {0,0,1}, HARQ ID for 2nd TB is {1,1,2} and so on.


Figure 3 HARQ ID based on LTE formula
The error is due to offset of grant free resource, so the offset of grant free resource should be included in HARQ process ID determination. Then the formula could be updated as:

Based on the updated formula, the calculated HARQ ID of multiple transmission of a TB keeps the same.
Proposal 3: Both offset and period of time-domain resource for the UL data transmission should be included in HARQ ID determination.
In our opinion, duration of K repetition of one TB is usually smaller than the period of grant free resource, so only the period of grant free resource is included in HARQ ID formula and repetition number is not considered. However, if a common case that duration of K repetition of one TB is larger than the period of grant free resource is found, the formula should be further modified.
Observation1: Period of time-domain resource, rather than repetition number, is enough to keep the same HARQ ID for multiple transmission of one TB.
For multiple grant free resource configurations, grant-free-resource-configuration specific HARQ ID offset should be included to separate HARQ IDs from different grant free resource at the same time. Then the formula could be updated as:

Proposal 4: Grant-free-resource-configuration specific HARQ ID offset should be included to separate HARQ IDs from different grant free resource at the same time.
Conclusions
In this contribution, we show our views on UL transmission without UL grant with following observation and proposals:
Proposal 1: To describe flexible transmission pattern, period and interval are defined. Period is the time interval between two adjacent TB and interval is the time interval between two adjacent transmissions of the same TB.
· Spaced resource allocation should be supported in grant free.
Proposal 2: Flexible and non-flexible initial transmission occasion should be supported.
· Initial transmission occasion pattern can be configured per grant-free configuration.
Proposal 3: Both offset and period of time-domain resource for the UL data transmission should be included in HARQ ID determination.
Observation1: Period of time-domain resource, rather than repetition number, is enough to keep the same HARQ ID for multiple transmission of one TB.
[bookmark: _GoBack]Proposal 4: Grant-free-resource-configuration specific HARQ ID offset should be included to separate HARQ IDs from different grant free resource at the same time.
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