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Introduction
In this contribution, we share our views on some remaining issues of UL grant-free (GF) transmission. More specifically, we discuss UE identification and issues related to HARQ process. 
	 
Discussion

UE Identification
It was agreed in RAN1 NR Ad Hoc #2 [1] that UE transmitting UL transmission without UL grant can be identified based on time/frequency resources and RS parameter(s). However, gNB may not be able to identify the exact UE if multiple UEs share the same RS sequence/resource(s). Hence, we propose an explicit UE identification method wherein we mask the CRC of the data transmitted in PUSCH with the UE ID (for example C-RNTI). The gNB will perform CRC check using the UE IDs of all the UEs configured to share the same resource(s) until the CRC check is passed to identify the correct UE after which an ACK can be sent to the UE. This is also applicable to retransmissions. In the case of normal PUSCH transmission, a UE-specific scrambling code is also applied. Scrambling must be removed before decoding, so if gNB does not know the UE ID it would have to perform decoding multiple times which is not practical. Therefore, we propose to use a special scrambling code in this case (e.g. a pre-configured group-specific or a resource-specific scrambling code).
Proposal 1: UE identification is supported by:
· Masking CRC of the data transmitted in PUSCH with the UE ID (i.e. C-RNTI) and using a special scrambling code for data in PUSCH transmission and
· Differentiable DMRS sequences.

[bookmark: _Ref492043102]Repetitions Transmission

It has been agreed to support K ≥ 1 repetition(s) of GF transmission to increase reliability. However, UE and gNB behavior has not been investigated for repetitions transmission. It is reasonable to assume that resource configuration for repetitions is known to both UE and gNB. Following alternatives can be considered:

Alt A: K is the number of resources configured for repetitions. Only one TB per UE is transmitted within K resources. There are two options to transmit repetitions from a UE:

Option A-1: Initial GF transmission is restricted to the beginning of K resources. gNB will perform detection and blind decoding of transmission for all the UEs sharing a resource until the end of K resources. Actual number of repetitions used for soft combining at gNB may be less than K due to the possibility of detection failure of any number of repetitions. Since, the UE will have to wait for the opportunities configured for initial transmission, this may introduce extra delay. Whether this delay affects latency requirement or not, depends on the periodicity P of the K resources. One way to reduce the latency is to configure different resources with different starting positions as shown in Figure 1. When the UL traffic arrives, the UE transmits in the resource with the earliest possible starting position. Note that this figure only illustrates the concept of transmission in different resources according to the traffic arrival instance. Each GF resource can actually span multiple time and/or frequency units.
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[bookmark: _Ref494201102]Figure 1 Different GF resources with different positions for initial GF transmission
Option A-2: To avoid extra delay waiting for initial transmission opportunity, end of repetitions can be restricted to the end of K resources. UE can start initial transmission at any time within K resources, however, actual number of repetitions may be less than K. This, combined with possibility of detection failure at the gNB, can affect transmission reliability.  

Alt B: K is the number of repetitions detected at the gNB. Number of repetitions transmitted by a UE may be more than K. The UE can start initial transmission at any time. The gNB will start counting repetitions of a TB from a UE, as soon as it first detects a transmission from that UE. The UE will stop transmitting repetitions when a pre-configured/specified stopping criterion is met. For instance, an UL grant to indicate an ACK or NACK can be used as a stopping criterion or to switch to GB transmission, respectively. Therefore, HARQ feedback must be supported if Alt-B is supported. However if this feedback is missed, UE must not send infinite repetitions of the same TB. The stopping criterion must take into account the reliability and latency requirements of GF transmission. For example a timer can be defined after which UE must adopt its pre-configured behavior. There must also be a mechanism to indicate end of repetitions (EoR) to gNB to avoid ambiguity. 

Proposal 2: One of the following alternatives should define K repetitions:
· Alt A: K is the number of resources configured for repetitions.  Start or end of repetitions may be restricted at the start or end of K resources, respectively. Different resources can be configured with different positions for initial GF transmission to reduce latency between UL traffic arrival and transmission.
· Alt B: K is the number of repetitions detected at the gNB. A stopping criterion must be defined for UE taking into account the reliability and latency requirements of GF transmission. There must also be a mechanism to indicate end of repetitions (EoR) to gNB to avoid ambiguity.

Linkage with GF and GB transmissions to HARQ Processes

When a UE supports both GF and grant-based (GB) HARQ processes in parallel, it is necessary to indicate whether the UL grant is for the HARQ process with GB (re)transmission or GF initial transmission. Moreover, for the GB case, the gNB already knows which UE is going to (re)transmit the data, whereas for the GF case, the gNB may not have yet identified which UE has transmitted the initial GF data as resource sharing among multiple UEs (i.e. time-frequency resources and RS sequence index) is allowed.
Hence to differentiate the HARQ processes for GB and GF transmissions, for the case of GB transmission the DCI should be masked with C-RNTI, while for the case of GF retransmission the DCI can be masked with GF-RNTI. It has been agreed from email discussion (90b-NR-34) that RNTI for GF transmission is configured by UE-specific RRC signaling.
For the case of GB transmission, a UE follows the scheduling command from the gNB where the HARQ process number is always included in the DCI format. However, for the case of GF transmission, a UE autonomously starts the GF transmission, so, a mechanism to determine the HARQ process number is necessary in order to align between UE and gNB. One way to determine the HARQ process number for GF transmissions is to pre-allocate specific HARQ processes for GF transmissions via RRC configuration (i.e. similar to LTE SPS). For example two HARQ processes with numbers 0, 1 can be pre-allocated for GF transmissions, and the numbers can be derived from even or odd indices of the slots or pre-configured time and/or frequency resources within a GF resource as shown in Figure 2 . This figure shows some examples of HARQ process mapping to K=4 time and/or frequency domain resources and also demonstrates corresponding RV cycling through the sequence {0,2,3,1}. It must be noted that this figure shows logical time and frequency indexing within a resource configured for GF transmission. 
It should be noted that this only derives the numbering of the HARQ processes for UL GF transmissions, but, an adaptive asynchronous HARQ mode can still be utilised where gNB can schedule the retransmissions anywhere in the UL system bandwidth (i.e. not necessarily following the pre-configured UL resources for GF transmissions) as well as different slots in time.
Proposal 3: HARQ process number is mapped to indices of resources configured for GF transmission.
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[bookmark: _Ref494373905]Figure 2 Examples of HARQ Process Mapping to Resources in Time and/or Frequency Domain
In addition, it should be noted that the GB transmissions can utilize all HARQ processes when there is no active UL GF transmissions, and this is assumed to be under the gNB control. However, in case UE needs to use a particular HARQ process number for a GF transmission (because the HARQ process number for GF is determined by the timing of the GF transmission), and that HARQ process is already in use for a GB transmission, then UE should prioritise the HARQ process with GF transmission and abandon the GB HARQ process.  
Proposal 4: The HARQ processes for GB and GF transmissions can be identified based on the RNTI used for masking the DCI.

RV Determination

From email discussion (90b-NR-34), it is agreed as a 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 signaling to be one of the following: 
· Sequence 1: {0, 2, 3, 1}
· Sequence 2: {0, 3, 0, 3}
· Sequence 3: {0, 0, 0, 0}
RV can cycle, over the configured RV pattern, based on the logical indexing of resources configured for grant free transmission as shown in Figure 3 for Sequence 1. It must be noted that K resources can be distributed contiguously or non-contiguously in time and/or frequency domain. If RV sequence is UE-specific, decoding complexity at gNB will increase and miss-detection of UE-ID due to collision with other UEs, configured with different RV sequences, may result in unsuccessful decoding due to incorrect RV order. Hence, it is proposed that the repetitions follow an RV sequence that is resource specific.
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[bookmark: _Ref494374035]Figure 3 Example of RV determination based on configured RV pattern
Furthermore, it is important to reduce the number of RV sequences as this increases test cases as well as specification efforts. Based on that, it is not clear to us the merit of {0, 3, 0, 3} sequence compared to {0, 0, 0, 0} or {0, 2, 3, 1}. Our understanding is that only two sequences are necessary, one for chase combining and another for IR combining that are applicable to low and high coding rates respectively.

Observation: The merit of RV sequence {0, 3, 0, 3} should be demonstrated as it ncreases test cases as well as specification efforts. 
Proposal 5: RV cycles, over the resource-specific RV pattern, based on the logical indexing of resources configured for grant free repetitions.

Conclusion
In summary, we propose:
Proposal 1: UE identification is supported by:
· Masking CRC of the data transmitted in PUSCH with the UE ID (i.e. C-RNTI) and using a special scrambling code for data in PUSCH transmission and
· Differentiable DMRS sequences.
Proposal 2: One of the following alternatives should define K repetitions:
· Alt A: K is the number of resources configured for repetitions.  Start or end of repetitions may be restricted at the start or end of K resources, respectively. Different resources can be configured with different positions for initial GF transmission to reduce latency between UL traffic arrival and UL transmission.
· Alt B: K is the number of repetitions detected at the gNB. A stopping criterion must be defined for UE taking into account the reliability and latency requirements of GF transmission. There must also be a mechanism to indicate end of repetitions (EoR) to gNB to avoid ambiguity.
Proposal 3: HARQ process number is mapped to indices of resources configured for GF transmission.
Proposal 4: The HARQ processes for GB and GF transmissions can be identified based on the RNTI used for masking the DCI.
Observation: The merit of RV sequence {0, 3, 0, 3} should be demonstrated as it ncreases test cases as well as specification efforts. 
Proposal 5: RV cycles, over a resource-specific RV pattern, based on the logical indexing of resources configured for grant free repetitions.
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