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1. Introduction

In RAN1#90, the following were agreed for UL data transmission without grant with some further study points:
Agreements:
· Regarding the RV determination for K repetitions including the initial transmission, further study following options including possible down-selection:

· For Type 1:

· Option 1: Fixed to

· 1-1: a single value

· 1-2: a RV pattern  

· Option 2: RRC configured

· 2-1: a single value

· 2-2: a RV pattern  

· For Type 2:

· Option 1: Same as Type 1

· Option 2: Based on the L1 signalling

· Repetition number K for Type 2 UL transmission without grant is down-selected from the following:

· Option 1: Only RRC signalling

· Option 2: Combination of RRC + L1 activation signalling

· At least when an UL grant is used for retransmissions of Type 1 UL transmission without UL grant, different RNTI from the RNTI for UL transmission with grant is needed.

· FFS how to determine the RNTI.

· For Type 2 UL transmission without UL grant, different RNTI from the RNTI for UL transmission with grant is needed for activation/deactivation and at least for re-transmission.
· FFS how to determine the RNTI. 

Agreements:
· If HARQ feedback is supported, to indicate HARQ feedback of UL transmission without grant, following options and related UE behavior should be further studied.

· Option 1: Based on UL grant to indicate “ACK”

· Option 2: Group-common DCI

· 2-1: Only ACK 

· 2-2: ACK and NACK

· Option 3: Define a Timer, UE assumes following, when the Timer expires

· 3-1: ACK if an NACK is not received after the K repetitions

· 3-2: NACK if an ACK is not received 

· FFS: Option 1, Option 2 and Option 3-2 can be used during and after the K repetition 
· Note: UL grant for the same TB initially transmitted without grant can indicate “NACK”
This contribution considers remaining aspects of UL data transmission without UL grant.
2. Discussion
1.1 Clarification on “Resource” and “Repetition”
There are two different alternatives for UL grant free resources definition. 

· Alt 1: One resource is defined as K repetition of one TB. The K repetition can be continuous (similar as SPS for eMTC in LTE). The periodicity is between two adjacent starting positions of each repetition, shown as Figure 1. 
· In Alt 1, the K repetition can also have a pre-defined/pre-configured interval.  However, considering the intention of grant free is reduced latency, therefore, there is no much intention to define a larger interval. 
· Alt 2: One resource is defined as one transmission of one TB.  UE can repeat K times with periodicity P automatically without “NACK”, shown as Figure 2.
For Alt 1, since the UL transmission can only start from fixed position, there will have some additional latency. Assuming package arrived uniformly, the expectation of latency due to the fixed starting location is P(P-1)/2/P = (P-1)/2.  When P = 1, it means UE can start transmission at each time unit. Assuming after k repetition, the TB is successfully decoded, the total latency is (P-1)/2 +k, where k is the actual transmission to achieve the target performance (Note that k may be different from K). 
For Alt 2, to provide a short latency, UL transmission shall be allowed from any position. If UL transmission can start from any position, assuming after k repetition the TB is successfully decoded, the total latency is (P-1)/2 + P*k.  
The minimal latency (when P =1) is the same for both Alt 1 and Alt. However, if P >1, the latency of option 2 increase much faster than option 1. However, gNB complexity and false alarm will be higher with option 2. 
Observation #1: Both alternatives can achieve the same minimal latency when periodicity is equal to one time unit. When periodicity and number of repetitions are larger than one, Alt 2 has larger latency than Alt 1 and Alt 1 is simpler for gNB implementation and more robust to detection errors. 
Proposal #1: For both Type 1 and Type 2 grant free transmission, a resource is defined as a set of physical resources of one TB with K repetition. K repetitions are continuous in time domain. 

The intention of K is to provide high reliability. The repetition number K may be different with different MCS. Since the MCS is indicated in DCI for activation, it is more reasonable to indicate K in DCI with configured number in RRC.

Proposal #2: Combination of RRC + L1 activation signaling is supported for Type 2 grant free. 
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Figure 1 Examples of Alt 1 with one HARQ process
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Figure 2 Examples of Alt 2 with one HARQ process

1.2 Support of multiple HARQ processes
In RAN1 #NR-AH2, it was agreed that:
· NR supports more than 1 HARQ process for UL transmission without grant

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

It is easier to support more than 1 HARQ process by configuring multiple resources, similar as V2X. In that case, each HARQ process has its own time/frequency resources and RS parameter(s). The benefit is that gNB has full flexibility to allocate the time/frequency resources to each HARQ process. Moreover, for Type 2 UL grant free, the HARQ processes can be activated one by one. In LTE V2X, the DCI for SL SPS activation indicates the SL SPS configuration index. A similar solution can be used for NR Type 2 grant free to activate multiple grant free resource. For Type 1, HARQ process ID can also be configured for each grant free configuration. The penalty is more bits in dedicated RRC configuration.  

Observation #2: Support of one HARQ process for each grant free configuration allows full flexibility with  more RRC signaling bits. 
Another alternative is that, in each grant free configuration, more than one HARQ processes are supported. Some method need to be specified for a UE to determine the HARQ process ID. In LTE, different HARQ process use different time/frequency resources. For eMTC, the starting subframe of each SPS resource is used to determine the HARQ process ID. Similar method can also be used for NR grant free.  For example, shown as Figure 3, the location for initial transmission can be used to determine HARQ process ID. Compared with the previous solution, all the parameters, such as TBS/MSC/time-frequency resource/repetition are the same for more than one HARQ process. 
Observation #3: Supporting more than 1 HARQ processes within one grant free configuration needs more specification work and gNB’s scheduling flexibility is limited.  
Both above methods for supporting multiple HARQ processes may have the same overlapping problem for continuous repetition. For example, as in Figure 3, when repetition K is larger than periodicity P, HARQ process #0 may be transmitted on the resource for HARQ process #1. Then, it can be difficult for a gNB to determine the HARQ process ID. However, K repetitions are designed to provide high reliability. Therefore, the error rate after K repetition is expected to be very low and the reliability of DMRS detection to be high. Moreover, initialization of scrambling or RV for the initial transmission can be used to differentiate starting position to reduce the false alarm rate of a successfully decoded TB before all K repetitions.  
Observation #4: After K repetitions, the reception reliability is expected to be high and gNB can determine the HARQ process ID.
Fundamentally, the intention to introduce more than one HARQ processes is to fill in the HARQ RTT time to reduce the latency. The second HARQ process will not be triggered if the previous HARQ process is still transmitting. Therefore, the configuration with overlapped resource between different HARQ processes may not be a good configuration, especially for the case of multiple HARQ processes sharing the same UL grant free configuration case. Therefore, it is easier to have different frequency locations for each HARQ process to achieve the same scope with less specification effort. On the other hand, since gNB has full flexibility to configure multiple UL grant free resources, different HARQ process/UL grant free can share the same time/frequency resource if the gNB is capable to manage it.  
Observation #5: Different frequency resources can be configured for each HARQ process with separated UL grant free configuration.  
Proposal #3: Support more than one UL grant free configurations. In each grant free configuration, only one HARQ process is configured. 

Proposal #4: For Type 2 grant free, HARQ process ID is indicated in DCI for activation and deactivation. 
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Figure 3 Examples of Alt 1 with two HARQ processes
1.3 HARQ feedback
Grant based retransmission was agreed for a grant free initial transmission. It was also agreed that: 

· 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

The most straightforward way is to use an UL grant to trigger a retransmission. If UE receives a UL grant for retransmission, UE will retransmit the corresponding HARQ process on the scheduled time/frequency resources. In order to early terminate the existing transmission so that UE can start a new transmission on the same HARQ process early, an “ACK” can be indicated to UE. Three options were agreed to be further studied in RAN 1 #90 meeting.   
For option 1, the UL grant can be used to provide an ACK or NACK.  At least for Type 2 grant free, if a UL grant with toggled NDI is received, a UE can transmit on the scheduled resource for a new UL transmission. The grant free resource for the corresponding HARQ process can be treated as inactive until a new DCI is received for re-activation. This is similar as LTE SPS procedure. However, for Type 1 grant free, since there is no L1 signaling for activation, some further considerations are needed.   In addition, if more UEs are configured to use grant free transmission, DL overhead may be an issue for option 1.  
For option 2, group-common DCI can be used to provide an early termination or trigger a retransmission within or after K repetition. It can reduce DL control overhead, especially when multiple UEs are configured with grant free resource. Compared with option 1, since there is no UL grant in the group-common DCI indicating “ACK”, UE can continue to use the grant free resource for a new transmission after receiving the group-common DCI indicating “ACK”. After K repetitions, UE can expect the same group-common DCI to indicate an ACK or NACK to trigger a retransmission or start a new transmission on the grant free resource. This group common-DCI can provide similar functionality of PHICH channel in LTE. However, it doesn’t need to reserve resource and reach the requirement performance for both miss detection rate and false alarm rate.  Moreover, there is no impact on UE complexity. 
For option 3, a timer is defined after K repetitions and when the timer is expired, UE assume ACK (option 3-1) or NACK (Option 3-2).  However, if UE missed the transmission of the “NACK” ( option 3-1)  or “ACK”(option 3-2), UE assumes “ACK”  or “NACK” after the timer expired. In this case, eNB and UE have misunderstanding on if that TB is successfully decoded.  Especially for option 3-2, if UE retransmit the TB after assuming “NACK”, it will waste of UE power consumption and increase the interference to other UEs so that degrades the capacity of the cell.  
Considering the above analysis of pros/cons of the three options, it is proposed to adopt both option 1 and option 2, where option 1 can be used to switch to grant-based. That is, a UE will keep transmitting repetitions unless the UE receives a UL grant or an “ACK” indicated by a group-common DCI or reaches the configured number of K repetitions. After K repetitions, an indication of “ACK” either by group-common DCI or UL grant with toggled NDI is needed to allow the UE to start a new UL transmission. UL grant can be used to switch to grant-based UL transmission. If the UL grant indicates a new transmission, the UE can start a new transmission based on the UL grant. If the UL grant indicates retransmission, the UE performs the retransmission based on the UL grant. The UE can start a new transmission on the grant-free resource after receiving a DCI for re-activation for type 2 grant-free. For type 1 grant-free without L1 signalling for (re)activation, the UE can continue to use grant-free resource for new transmission after receiving an “ACK” in the UL grant or group-common DCI for the corresponding HARQ process. 
Proposal #5: Adopt both option 1 and option 2 for grant-free UL transmission, where option 1 can be used to switch to grant-based UL transmission. 
1.4 Other aspects
RV for repetition

Since the code rate of one transmission is not restricted to be a very low one, it can be helpful to support RV cycling. Pre-defined RV pattern counting from the initial transmission (i.e., first repetition) is sufficient. Different from eMTC or NB-IoT and similar to PUSCH repetitions for non-BL/CE UEs, because the SINR is not expected to be very low, there is no need to cycle the RV after several repetitions. 

Proposal #6: Pre-defined RV pattern is supported from the initial transmission of each K repetition.   
RNTI for grant free

In order to support UL grant based retransmission for both Type 1 and Type 2 grant free PUSCH, grant-free RNTI that is different from C-RNTI can be used for PUSCH scrambling. Grant-Free-RNTI can be configured by RRC signalling. For Type 1 grant free, Grant-Free-RNTI can be used for switching to grant-based retransmission or new transmission. For Type 2 grant free, Grant-Free-RNTI can also be used to scramble the CRC of the DCI format for activation/deactivation, as well as to switch to grant-based retransmission and new transmission.

 Proposal #7: Support Grant-Free-RNTI for both Type 1 and Type 2 grant free PUSCH. The Grant-Free-RNTI is used for PUSCH scrambling, switching to grant-based (re)transmission, and CRC scrambling of L1 signaling for activation/deactivation for Type 2. 
3. Conclusion 
This paper discussed the procedures for grant-free UL transmission. Firstly, the definition of “resource” and “repetition” were clarified and two proposals were made:
Proposal #1: For both Type 1 and Type 2 grant free transmission, a resource is defined as a set of physical resources of one TB with K repetition. K repetitions are continuous in time domain. 

Proposal #2: Combination of RRC + L1 activation signaling is supported for Type 2 grant free. 
Moreover, based on the proposed definition, it was suggest to only support 1 HARQ process in each UL grant free configuration. The HARQ feedback was also discussed.

Proposal #3: Support more than one UL grant free configurations. In each grant free configuration, only one HARQ process is configured. 

Proposal #4: For Type 2 grant free, HARQ process ID is indicated in DCI for activation and deactivation. 

Proposal #5: Adopt both option 1 and option 2 for grant-free UL transmission, where option 1 can be used to switch to grant-based UL transmission. 

Some other aspects were also discussed, e.g., RV and RNTI and some proposals were made:
Proposal #6: Pre-defined RV pattern is supported from the initial transmission of each K repetition.   

Proposal #7: Support Grant-Free-RNTI for both Type 1 and Type 2 grant free PUSCH. The Grant-Free-RNTI is used for PUSCH scrambling, switching to grant-based (re)transmission, and CRC scrambling of L1 signaling for activation/deactivation for Type 2. 
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