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Introduction
In RAN1#88 meeting, following agreements were made [1].  
-Agreements:
· For UE configured with K repetitions for a TB transmission with/without grant, the UE can continue repetitions (FFS can be different RV versions, FFS different MCS) for the TB until one of the following conditions is met
· If an UL grant is successfully received for a slot/mini-slot for the same TB
· FFS: How to determine the grant is for the same TB
· FFS: An acknowledgement/indication of successful receiving of that TB from gNB
· The number of repetitions for that TB reaches K
· FFS: Whether it is possible to determine if the grant is for the same TB
· Note that this does not assume that UL grant is scheduled based on the slot whereas grant-free allocation is based on mini-slot (vice versa)
· Note that other termination condition of repetition may apply















In this contribution, we discuss how to identify the UL grant when a UE supports both grant-free and grant-based transmissions. 
  
UE activity detection
gNB must identify the UE transmitting grant-free data in order to decode UL data, support soft combining of grant-free repetitions, trigger grant-based re-transmission and link the re-transmission grant to the UE. UE-ID can be indicated explicitly or implicitly for grant-free transmission. Different options for explicit and implicit indication of UE-ID are discussed below.

Explicit Identification
UE-ID can be transmitted in a separate self-decodable channel along with grant-free data transmission for gNB to identify UE activity [2]. To reduce the probability of UE activity detection failure at gNB and grant identification failure at UE, this channel must be designed to ensure very high reliability. For increased detection performance robust error correction codes can be used to encode UE-ID. This improved detection may help to improve resource efficiency as follows:
· Support soft combining of grant free data repetitions which can lead to increased probability of successful data decoding. Hence, an ACK can be sent to the UE to stop remaining repetitions, thereby, increasing resource efficiency and system capacity.
· Successful UE activity detection at the gNB will lead to UL grant transmission to the UE to switch to GB transmission which reduces the probability of interference to other UEs transmitting in grant-free transmission resources.
Another less challenging option, as compared to design of a separate reliable channel, is to transmit the UE-ID in the data region of grant-free transmission [2].
The concern is that the explicit transmission of UE-ID can restrict the peak data rate of grant free transmission or more resources will need to be reserved to support explicit identification. Therefore, we propose to configure one-to-one mapping between the indices of UEs multiplexed in the same resources for grant-free transmission and their actual UE-IDs. This kind of explicit transmission of the UE index in the data region of grant-free transmission will reduce the overhead as compared to cell specific UE-ID transmission. 
Observation 1: There is a system capacity loss due to explicit transmission of UE-ID.
 Observation 2: There is improved resource utilization due to early stop of grant-free transmission by an ACK/grant transmission.   
Proposal 1: Investigate further the impact on resource efficiency if explicit indication of UE-ID is supported for UL grant-free data transmission.  
Proposal 2: Configure one-to-one mapping between indices of multiplexed UEs and their actual UE-IDs to support explicit UE identification transmission.  

Implicit Identification
An alternative approach to detect UE activity, without affecting peak data rate of grant-free transmission, is to support implicit identification based on a predefined mapping rule between UE-ID and, e.g., RS sequence or resources used for grant-free data transmission. 
A UE can be identified from the resources used for grant-free transmission. However, one-to-one mapping between the actual UE-ID and resources used for transmission is only possible if the network has configured UE-dedicated resources for grant-free data transmission. While this can avoid collision between UEs transmitting grant-free data in the UL, reserving UE dedicated resources will result in underutilization of system resources particularly for sporadic type of traffic. If multiple UEs are configured to share the same resources, gNB cannot map the resource index to a particular UE-ID. Instead, it can indicate this index in the UL grant to link the grant with the UL grant-free data transmission. However, as pointed out in [2], two or more UEs which had transmitted uplink in same resource can misinterpret the UL re-transmission grant as its own UL grant. Moreover, without identification of UE-ID, gNB cannot support soft combining of grant-free data repetitions.
Observation 3: Indicating resource index of the UL grant-free data transmission in the UL grant can create conflict between UEs which had transmitted in the same UL resource.
A widely discussed implicit identification approach is to configure UE with a dedicated DMRS on a shared resource to enable both UE detection as well as data demodulation [3]. This approach can overcome the drawbacks associated with above mentioned approaches of implicit detection of UE-ID. However, complexity of DMRS sequence detection will increase with an increase in number of sequences. Moreover, UE detection performance using DMRS will vary depending on the traffic arrival rate, accuracy of power control of UEs and number of users configured to share same resources for grant-free transmission [2]. Therefore, to enhance the performance of resource sharing among multiple UEs based on DM-RS sequence, the gNB must support dynamic configuration of the maximum number of UEs sharing the same resources. For example, the number of users multiplexed in the same resource can be reduced if gNB detects detection and/or decoding failure is above a certain pre-configured threshold. Moreover, probability of UE activity detection can be increased by adding the information about UE in the data region.
Observation 4: Performance of resource sharing among multiple UEs based on DM-RS sequence can be enhanced by reducing the number of UEs multiplexed in the same time and frequency resources when the gNB discovers high detection and decoding failure rate.
Proposal 3: UE activity detection based on distinguishable DM-RS sequence and transmission of UE-ID information (e.g. UE index) in the data region is supported.
Proposal 4: gNB must support mechanism to determine detection and decoding failure rate.

Linkage with GF and GB HARQ Process 
When a UE supports both grant-free (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 transmission or GF initial transmission. Again, this can be indicated either explicitly or implicitly. For example, for the explicit case, an additional field (e.g. 1 or 2 bits) in the grant can be used for explicitly indicating whether the grant is for GF or GB process. Furthermore, this field can be the resource index of the initial transmission since the initial transmissions of GB and GF HARQ processes will be performed in separate resources. 
Alternatively, for the implicit case, the grant can be linked to the HARQ process based on the resource ID used by the GF initial transmission to differ from other grant-based (GB) transmissions. FFS how to derive the resource ID.
Proposal 5: UL grant for the GF HARQ process can be identified based on resource IDs. FFS how to derive the resource IDs.

Conclusion
In summary, we discussed UE identification for grant-free UL transmission and linkage of the UL grant to the GB/GF HARQ process. We observe and propose the following:
Observation 1: There is a system capacity loss due to explicit transmission of UE-ID.
 Observation 2: There is improved resource utilization due to early stop of grant-free transmission by an ACK/grant transmission.   
Observation 3: Indicating resource index of the UL grant-free data transmission in the UL grant can create conflict between UEs which had transmitted in the same UL resource.
Observation 4: Performance of resource sharing among multiple UEs based on DM-RS sequence can be enhanced by reducing the number of UEs multiplexed in the same time and frequency resources when the gNB discovers high detection and decoding failure rate.
Proposal 1: Investigate further the impact on resource efficiency if explicit indication of UE-ID is supported for UL grant-free data transmission.  
Proposal 2: Configure one-to-one mapping between indices of multiplexed UEs and their actual UE-IDs to support explicit UE identification transmission.  
Proposal 3: UE activity detection based on distinguishable DM-RS sequence and transmission of UE-ID information in the data region is supported.
Proposal 4: gNB must support mechanism to determine detection and decoding failure rate.
Proposal 5: UL grant for the GF HARQ process can be identified based on resource IDs. FFS how to derive the resource IDs.
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