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Introduction
Grant-based [1] and grant-free UL data transmission procedures [2] are currently being specified in NR Release 15. This contribution discusses outstanding aspects of both UL transmission procedures. 
Grant-based UL transmission procedure
NR shall support a grant-based UL transmission mechanism similarly to LTE. Specifically, when UL data arrives at the UE and the UE does not have an UL resource, higher layers may instruct the physical layer to transmit a scheduling request indicator on the PUCCH. It was agreed that the gNB should be able to distinguish the numerology/TTI type of the logical channel (LCH) triggering the SR. Consequently, RAN2 agreed that a UE may be configured with multiple SR configurations, and which SR configuration is used depends on the LCH that triggers the SR. 
Subsequently, some physical layer design aspects were agreed at RAN1 #90 as follows, 
Agreements:
· It is up to RAN2 how many SR configurations the UE can be configured with.
· In case of SR only, the physical layer can only transmit one SR at any given time
· If multiple SR are triggered prioritization of which SR should be transmitted is decided by RAN2
· Multiplexing of SR and HARQ feedback is supported on short-PUCCH
· Multiplexing of SR and HARQ feedback is supported on long-PUCCH
· An SR can be configured with a periodicity of at least equal to X OFDM symbol(s) (at least for short-PUCCH), and with up to the largest periodicity supported in LTE (i.e. 80 ms)
· Working assumptions:
· X=1, which implies short-PUCCH could be located at any OFDM symbol of a slot
· FFS: Supported periodicity values
· FFS: Possible limitations due to other factors
· One configured SR can be associated with either short or long PUCCH

Regarding the number of SR configurations that can be supported by a UE, a related LS document [3] was received from RAN2, where one question is on the number of SR configurations that can be supported in a single BWP for a UE. 
SR resources in a cell are provisioned by taking into account the end-to-end latency requirement versus the UL signaling overhead. For NR we presume that the network would provision a certain number of SR resources in a given time duration in each UL BWP. Whether a given UE is configured with one or more resources within this time duration is up to network implementation. For example, a UE configured with two LCHs with different latency requirements may be configured with two SR configurations where a first configuration has a periodicity that is a multiple of the periodicity of the second SR configuration.  When a UE is configured with one or more BWPs, the UE may also be configured with one or more SR resources in each BWP. SR transmission takes place within the active UL BWP. SR resources may therefore be dimensioned appropriately in each UL BWP. 
Observation 1: the number of SR configurations that can be supported for a UE in a given UL BWP is an implementation issue and is only limited by the number of SR resources provisioned for the BWP and the number of UEs that need to be configured for SR transmission in the same BWP. 

In LTE the SR periodicity ranges from 80ms to as small as 1ms. To address stringent latency requirements such as for URLLC traffic, it was proposed to support periodicities on the order of symbols and even down to 1 symbol using short PUCCH. While it is certainly up to network implementation what periodicity to configure in a given scenario, we have the following observations:
(1) Periodicity of X = 1 symbol is not possible for at least cell edge UEs who need more energy accumulation over a longer PUCCH duration.
(2) Although X = 1 would address the most stringent latency requirements, it practically means that 1-symbol PUCCH format is present on at least 1 PRB in every OFDM symbol. This solution may work in lightly loaded cells but is not practical for many deployment scenarios.
Observation 2: For many practical scenarios of interest an alternative mechanism addressing stringent latency requirement without such a high UL signaling overhead is by the grant-free UL transmission procedure.

Remaining details of grant-free UL transmission procedure
Specification work for grant-free UL transmission is ongoing and some key agreements from the last RAN1 meeting are as follows,
Agreements:
· Support using MAC CE as an acknowledgement for L1 signalling for activation/deactivation of Type 2 UL transmission without grant (similar/same behaviour as in LTE SPS).
· 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. 
· Send a LS to RAN2 to inform all the agreements (Lihui)

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”

Regarding the RV determination for K repetitions including the initial transmission, option 2-2, i.e. a RRC configured RV pattern, is preferred. First of all, different RV for every transmission of K repetition can achieve decoding gain. Hence a RV pattern should be supported. Secondly, for Type 1 grant-free UL transmission, K is RRC configured, and for Type 2 grant-free UL transmission, K is RRC configured or L1 signaling signaled. Since K is varied and configurable, a fixed pattern may not be easy to fit different K values. The RV pattern should be configurable. Furthermore, channel change during K repetitions has a little impact on the RV pattern configuration. For both Type 1 and Type 2 grant-free UL transmission, a RRC configured RV pattern with length K for K repetitions could be flexible to address real cases. 
Proposal 1: Apply RRC configured RV pattern for K repetitions including the initial transmission for both Type 1 and Type 2 grant-free UL transmissions.

Repetition number K for Type 1 grant-free UL transmission is configured by RRC signaling. For Type 2 UL transmission without grant, it was agreed that resource allocation of both time-domain and frequency-domain is L1 signaling signaled. As a fact, in terms of adaptation to variant channel, repetition number K has bigger impact on detecting performance than resource allocation. Thus, repetition number K should be L1 signaling signaled to fit the real channel conditions. Only L1 signaling may cost too much bits in L1 signaling. A set of repetition number K can be configured with RRC signaling and L1 signaling can indicate one. For example, use RRC signaling to notify the set of repetition number [1, 2, 4, 8], and use L1 signaling, 2 bits, to indicate K to take one of them.
Proposal 2: Support combination of RRC + L1 activation signaling to indicate repetition number K for Type 2 , where RRC signaling indicates several candidates and L1 signalling selects one option.

If HARQ feedback is supported, to indicate HARQ feedback of UL transmission without grant, the feedback ways and the related UE behavior should be further studied.
If the gNB identifies a UE being in grant-free UL transmission and succeeds in data detection, the gNB may provide UL grant to the UE to schedule a new UL transmission and to indicate an ACK simultaneously. That means using UL grant to indicate an ACK is a side-effect of switching from grant-free transmission to grant-based transmission. Dedicated UL grant for an ACK is quite expensive and should not be supported. If the gNB has identified a UE in the grant-free UL transmission but failed in data detection, the gNB may provide UL grant to the UE to schedule a retransmission. Here dedicated UL grant for scheduling retransmission should be supported.
It should be allowed the gNB to indicate an ACK to a UE. If an ACK, which is corresponding to a specific HARQ process ID of the grant-free transmission, is received, the UE could trigger the next grant-free UL data transmission with a new HARQ process ID. The first resource (slot or mini-slot) of the K-repetition transmission could be used to calculate the HARQ process ID, i.e. the HARQ process ID can be a function of the grant-free physical resource. The mapping between ACK and a specific HARQ process ID is FFS. An ACK can be received during the K repetition because this can save UE power and reduce possible interference.
It should also be allowed the gNB to indicate a NACK to a UE during the K repetition. If a gNB successfully detects a transmission from a UE but data reception is unsuccessful, the gNB would send a NACK to the UE during the UE’s K repetitions. After receiving the NACK, the UE should immediately stop the on-going K repetition transmissions. This is very important for avoiding further collision. After a backoff period, the UE who got NACK can trigger the K repetition retransmission if no UL grant is received.
For grant-free UL transmission, ACK/NACK can be transmitted with a group-common DCI. The mapping between ACK/NACK and a specific HARQ process ID is FFS.
For the timer based method, because only one of ACK and NACK is transmitted, it cannot support early termination of K repetition. That means it cannot get the gain of saving power, reducing interference, reducing collision. 
Proposal 3: Use ACK/NACK in group-common DCI to support HARQ feedback for grant-free UL transmission.
Proposal 4: ACK/NACK can be transmitted during the K repetition for grant-free UL transmission.

Multiple services with different latency requirements could be triggered by one UE at the same or different time. When grant-free UL transmission is used, gNB will configure multiple resources for these services respectively by RRC signaling (in Type 1) or L1 signaling (in Type 2). Here multiple configurations for multiple resources are needed at least for these services triggered at the different time. Allocating one physical resource for one of K repetition in each resource configuration will increase the error probability. Thus, in each resource configuration, gNB will allocate K physical resources with explicit or implicit segmentation for K repetition. Detailed resource configuration is illustrated in figure 1.
          
Proposal 5: When grant-free UL transmission is used, multiple resources will be configured to multiple services by multiple configurations, and each resource configuration will allocate K physical resources for K repetition.
Conclusions
In this contribution, we discuss outstanding aspects of both grant-based and grant-free UL transmission procedures. 
For the grant-based UL transmission procedure, we have the following observations,
Observation 1: the number of SR configurations that can be supported for a UE in a given UL BWP is an implementation issue and is only limited by the number of SR resources provisioned for the BWP and the number of UEs that need to be configured for SR transmission in the same BWP. 
Observation 2: For many practical scenarios of interest an alternative mechanism addressing stringent latency requirement without such a high UL signaling overhead is by the grant-free UL transmission procedure.

For the grant-free UL transmission procedure, we have the following proposals,
Proposal 1: Apply RRC configured RV pattern for K repetitions including the initial transmission for both Type 1 and Type 2 grant-free UL transmissions.
Proposal 2: Support combination of RRC + L1 activation signaling to indicate repetition number K for Type 2 , where RRC signaling indicates several candidates and L1 signalling selects one option.
Proposal 3: Use ACK/NACK in group-common DCI to support HARQ feedback for grant-free UL transmission.
Proposal 4: ACK/NACK can be transmitted during the K repetition for grant-free UL transmission.

For resource allocation in grant-free UL transmission procedure, we have the following proposal,
Proposal 5: When grant-free UL transmission is used, multiple resources will be configured to multiple services by multiple configurations, and each resource configuration will allocate K physical resources for K repetition.
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