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1 Introduction

In RAN1#88 [1], following agreements were achieved for UL transmission without grant. 
Agreement:

· For UL transmission without grant,
· FFS: A UE may continue repetitions for a TB until one of the following conditions is met 
· An ACK is successfully received from gNB
· The number of repetitions for the TB reaches K
· 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 RAN1 NRAH2, following agreements were achieved for UL transmission without grant. 

Agreements:
· In addition to the RS parameters, time and frequency resource are configured in a UE-specific manner.

· 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).
· WA: Both DFT-S-OFDM and CP-OFDM are supported for UL transmission without grant.

· NR supports more than 1 HARQ process for UL transmission without grant

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

Agreements:
· Type of UL data transmission without grant

· Type 1: UL data transmission without grant is only based on RRC (re)configuration without any L1 signalling 

· Type 2: UL data transmission without grant is based on both RRC configuration and L1 signalling to activation/deactivation for UL data transmission without grant

· Note: functionality of modification is achieved the L1 signalling by activation

· Type 3: UL data transmission without grant is based on RRC configuration, and allows L1 signalling to modify some parameters configured by RRC but no L1 signalling for activation

· For UL data transmission without grant, type 1 and type 2 have already been agreed, FFS type 3. 

· FFS the reliability issues for L1 signalling.

· For Type 1 UL transmission without UL grant, the RRC (re-)configuration includes at least the following

· Periodicity and offset of a resource with respect to SFN=0 

· Time domain resource allocation 

· Frequency domain resource allocation 

· UE-specific DMRS configuration

· Note: 

· one TB is mapped to a resource at least consisting of time/frequency-domain resource

· RAN1 will not introduce specific resource allocation and DMRS configuration for UL data transmission without grant separate from UL data transmission with UL grant within the Rel.15 WI

· An MCS/TBS value

· Number of repetitions K

· Power control related parameters

· FFS HARQ related parameters

· FFS if multiple resources can be configured

· For Type 2 UL transmission without UL grant

· The RRC (re-) configuration for resource and parameters includes at least the following

· Periodicity of a resource

· Power control related parameters

· At least the following additional parameters for the resource are given by L1 signalling

· Offset associated with the periodicity with respect to a timing reference indicated by L1 signalling for activation

· FFS: the timing reference 

· Time domain resource allocation 

· Frequency domain resource allocation 

· UE-specific DMRS configuration

· An MCS/TBS value

· Note: 

· one TB is mapped to one resource 

· RAN1 will not introduce specific resource allocation and DMRS configuration for UL data transmission without grant separate from UL data transmission with UL grant within the Rel.15 WI

· FFS multiple resources can be configured

· FFS HARQ related parameters

· FFS whether number of repetitions K is configured by RRC signalling and/or indicated by L1 signalling

In this contribution, some further considerations are discussed for the UL transmission without grant specifically for a more reliable UE identification to meet the URLLC requirements. 
2 Discussion
2.1 Signallings for UL decoding

According to the agreements above, MCS is indicated by gNB via either RRC or L1 signaling and in that case, every UL transmission must use the same MCS until it is modified so there is no need to indicate MCS with UL transmission. For multiple repetitions, different RV might be used and in that case, RV needs to be indicated together with the UL transmission. More than 1 HARQ process can be configured for UL transmission without grant and HARQ process ID (HARQ PID) also needs to be indicated together with the UL transmission. 
As a summary, when different RVs and/or multiple HARQ processes are configured for UL grant free transmission, RV and HARQ PID need to be indicated for proper buffer handling. 

2.2 UE Identification

It was agreed by RAN1 to consider using time/frequency resource and/or RS to identify a UE. To improve the efficiency, multiple UEs may be assigned to share the same time/frequency resource and in that case, a UE-specific DMRS sequence can be used and the gNB can identify a UE by detecting the corresponding DMRS sequence. 
Concerns were also expressed that DMRS detection reliability might be an issue when the resources are shared with eMBB UEs [2]. Due to the power control of an eMBB UE, the interference experienced by the gNB may vary in a much bigger range than that with white noise and the impact of variable interference level may cause unreliable DMRS detection. But this variable interference level can be mitigated by normalizing the detected value with the average power. But still the DMRS detection reliability needs to be balanced between the false alarm rate and detection rate. A high false alarm rate may decrease the efficiency of both DL control channel and UL data channel. 
2.3 Possible signalling options

Currently two options were proposed to indicate the above mentioned signallings. The first option is similar as what is considered for UE identification, i.e., to use time/frequency and/or RS, and the second option is to include the signallings in UCI which could be piggybacked with PUSCH. 
We see potential drawbacks to support the said signallings by configuring multiple resources as below: 

· May not be able to support a big number of combinations of HARQ PID and/or RV, and in the end, the applicable scenarios of UL grant free transmission will be limited. 

· More resources need to be semi-scheduled to URLLC services, and although it might be reused by eMBB UEs, the spectrum efficiency is still impacted due to the restricted usage from eMBB UEs, e.g., restricted power. 

· When signallings are mapped to resources in time domain, additional latency might be introduced and the UL transmission reliability might be impacted with the number of HARQ retransmissions reduced.    
It is understood that to include the said signallings in UCI can maximize the flexibility of UL grant free transmission. All semi-scheduled resource can be used by any HARQ PID and RV combination. Therefore, the second option is preferred although additional standardization efforts might be required. 
Proposal 1: it is proposed to support UL grant free transmission related signallings within UCI. 
3 Simulation

A number of different DMRS patterns are studied and corresponding detection performance is compared below under different false alarm rate (FAR) assumptions. Single DMRS sequence is assumed and when there are N DMRS sequences need to be detected simultaneously, the overall FAR will be N times higher than that of single sequence detection. A number of single sequence FAR values are simulated for multiple DMRS sequence detection analyses.  
A mini-slot of 2 OFDM symbols in time domain and 50 RBs in frequency domain with 15 KHz SCS is semi-scheduled to a URLLC UE and all UL grant free transmissions have fixed DMRS pattern. DMRS is only in the first symbol and 4 DMRS patterns are defined as below which represents 4 different DMRS densities. The DMRS density needs to be selected according to the final link evaluation of URLLC data. Considering the extreme short during, flat channel response is assumed in time domain and TDL-C 1000ns channel model is used to generate the frequency domain response. The gNB has 4 Rx antennas. Ideal time synchronization is assumed for each UL transmission. 
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Figure 1 DMRS Patterns
For each detection, the autocorrelation result is normalized by the average power estimated from the second symbol and then the normalized value is compared with a threshold. The threshold is selected for each specific FAR value with noise only input. A higher threshold is required for a lower FAR and a higher threshold will result in more missed detections. The benefit of normalizing the autocorrelation result is that the threshold does not need to take the interference level into consideration and a single threshold can be used for each DMRS pattern. 
Miss detection rates of both DMRS pattern #1 and pattern #3 are compared in Figure 2 below and roughly, DMRS pattern #1 has a 3.0dB gain over pattern #3 due to the doubled DMRS density.
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Figure 2 DMRS Detection Performance

When it is configured that multiple DMRS sequences may be potentially transmitted simultaneously, each DMRS is assumed to have an independent FAR and according to the above discussion, the overall FAR of DMRS detection from four sequences with FAR = 0.25% has the same FAR as that of single sequence DMRS detection with FAR = 1%. To include a number of UE ID bits in the UCI will help to reduce the FAR especially when there are multiple DMRS sequences. The UE ID bits could be dedicated for each UE or each UE group. When a DMRS sequence is detected, the gNB needs to use the UE ID bits in the UCI to further verify the detected UE ID and a UL grant free transmission is assumed detected only when two match each other. With FAR reduced, the threshold can be reduced and accordingly, the detection rate is enhanced. 
Proposal 2: it is proposed to include UE ID in UCI to enhance the DMRS detection reliability. 
4 Conclusion
In this contribution, signalling aspects of UL grant free transmission are discussed and some simulation results for DMRS detection are provided. 
Based on above discussions and simulation, we have the following proposals: 

Proposal 1: it is proposed to support UL grant free transmission related signallings within UCI. 
Proposal 2: it is proposed to include UE ID in UCI to enhance the DMRS detection reliability. 
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