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1 Introduction
In order to support ultra-reliability and low-latency services, NR supports UL transmission without grant. The related agreements are listed below [1]-[4]:
	Agreements in RAN1 Ad Hoc:
1. For an UL transmission scheme without grant
0. at least semi-static resource (re-)configuration is supported
0. FFS: The resource configuration includes at least physical resource in time and frequency domain and RS parameters
0. Higher-layer signaling could be similar to Rel-8 LTE SPS
0. FFS: MCS

Agreements in RAN1#88:
1. For UL transmission without grant,
1. The resource configuration includes at least the following
0. Time and frequency resources, FFS: including resources for repetitions, implicitly or explicitly
0. Modulation and coding scheme(s), possibly including RV, implicitly or explicitly
0. Reference signal parameters
· FFS: Details
0. FFS: The number of repetitions K
· FFS: Whether multiple number of K can be configured to one UE
0. FFS other parameters
1. FFS: A UE may continue repetitions for a TB until one of the following conditions is met 
1. An ACK is successfully received from gNB
1. The number of repetitions for the TB reaches K

Agreements in RAN1#89:
1. If network configures, UL data transmission without UL grant can be performed after semi-static resource configuration in RRC without L1 signaling. 
1. If network configures, L1 signaling for activation/deactivation and/or modification on parameters for UL data transmission without UL grant can be applied.
1. RAN1 is discussing whether the mechanism to distinguish UL SPS and UL data transmission without UL grant is necessary.

Agreements: (RAN1 NR Adhoc#2)
1. In addition to the RS parameters, time and frequency resource are configured in a UE-specific manner.
5. Note: it is common understanding that the time and frequency resources configured for a UE may or may not collide with those for another UE (to be captured in the LS).
1. WA: Both DFT-S-OFDM and CP-OFDM are supported for UL transmission without grant.
1. NR supports more than 1 HARQ process for UL transmission without grant

Agreements: (RAN1 NR Adhoc#2)
1. RAN1 considers that UE transmitting UL transmission without UL grant can be identified based on time/frequency resources and RS parameter(s). 


In this contribution, we discuss the remaining issues about HARQ combining for UL transmission without grant. 

2 Discussion on HARQ combining
In the last RAN1 NR Adhoc meeting, it was agreed that NR supports multiple HARQ processes for UL transmission without grant. By supporting multiple HARQ processes, UE can transmit multiple TBs in uplink without grant so that we can reduce the latency for HARQ processing of the previous UL transmission without grant. Also, NR can exploit a grant-based HARQ combining for a TB transmitted without grant when gNB successfully identifies UE ID but fails to receive the TB. When a UE receives UL grant for a retransmission of Grant-Free TB, HARQ process ID can be used to identify the Grant-Free TB, i.e., the HARQ process ID can distinguish multiple GF TBs and indicate which GF TB should be retransmitted at both gNB and the UE. 
Figure 1 shows the procedure for grant-based HARQ combining for UL transmission without grant.
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Figure 1. Grant-based HARQ combining for UL transmission without grant

For grant-based HARQ combining for UL transmission without grant, both gNB and UE should know or derive HARQ process ID. If HARQ process ID is not properly assigned, the UE cannot identify which TB should be re-transmitted according to the UL grant. 
To assign HARQ process ID to a TB transmitted without grant, the following options can be considered
· Opt 1. Autonomous/Implicit mapping with information of GF TB transmission 
· Opt 2. UE selects one HARQ process ID and then transmits to gNB in addition to a TB transmitted without grant
As a deterministic rule in Opt 1, HARQ process ID for a grant-free TB is determined based on UE-ID, slot index, radio frame index, time-frequency resource configuration and DMRS configures, etc. Or, HARQ process ID for a grant-free TB can be configured by higher-layer. In that case the HARQ process ID conflict should be further discussed. Opt. 2 is for UE to select appropriate HARQ process ID. For example, if UE has inactive HARQ process ID, the UE can select this HARQ process ID for UL transmission without grant. The selected HARQ process ID can be transmitted to gNB implicitly or explicitly. For example, DMRS sequence can be selected according to the HARQ process ID and gNB performs UE identification and HARQ process ID identification. In this case, false alarm rate would be problematic. Another option is to transmit HARQ process ID explicitly by using PUCCH (or PUSCH) if it is assigned. 
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Figure 2. HARQ process ID conflict 

As shown in Figure 2, when there are GB and GF TBs assigned same HARQ process number, UE and gNB should decide which TB is transmitted according to UL grant. To avoid the HARQ process ID conflict, a part of HARQ process IDs can be reserved for a grant-free TB. However, if UL transmission without grant is rarely triggered, the reserved HARQ process IDs would be wasted. So, it is preferred that all HARQ process IDs can be shared for grant-based TBs and grant-free TBs. Obviously, the HARQ process ID cannot be sufficient to handle the HARQ process ID conflicts. To resolve such HARQ process ID conflicts, the following options can be considered:
· Opt 1. UE/gNB priorities the grant-free TB
· Opt 2. UL grant for UL transmission without grant is addressed by a different RNTI
· Opt 3. UE selects one between the grant-based TB and the grant-free TB

In option 1, UE always retransmits the grant-free TB corresponding to HARQ process ID if exists. Otherwise, if there is no grant-free TB corresponding the HARQ process ID, then the UE decides to retransmit the grant-based TB corresponding the HARQ process ID. This is the simplest rule and no additional signaling is required. However, there would be an error case that UE transmits the grant-free TB when gNB fails to identify UE ID and requests the grant-based TB.
In option 2, a DCI containing UL grant for UL transmission without grant is scrambled by a different RNTI, namely GF-RNTI. Whenever a UE transmits a TB in uplink without grant, the UE starts monitoring the DCI scambled by the GF-RNTI within a monitoring interval. If it is detected, then the grant-free TB corresponding to HARQ process ID can be retransmitted according to the UL grant. If not detected, then the grant-free TB can be retransmitted without grant again. In general, this option would increase UE’s blind decodings. If UL transmission without grant is a rare event and/or the monitoring interval is quite short, the additional number of blind decodings may be acceptable. 
In option 3, UE selects one of TBs depending on e.g., latency requirement of TBs. For example, if the grant-based TB can be more important than the grant-free TB, UE can select the grant-based TB for retransmission. In order for UE to inform which TB is transmitted, the UE should feedback an indicator which can be carried by PUCCH (or PUSCH is PUCCH is piggybacked) explicitly or by DMRS phase shift implicitly. 
· Proposal 1. NR should avoid HARQ process ID conflict when HARQ process IDs are shared for UL transmission with/without grant.  

3 Conclusion
In this contribution, we discussed HARQ combining aspects for UL transmission without grant. Our views are summarized as follows:
· Proposal 1. NR should avoid HARQ process ID conflict when HARQ process IDs are shared for UL transmission with/without grant.  
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