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Introduction
Grant-based and grant-free UL data transmission procedures are currently being specified for NR. A summary of discussions held during RAN1 AH #NR3 is available in [1]. This contribution discusses several open issues identified in [1] and [2]. 
UL waveform selection 
NR supports both CP-OFDM and DFT-s-OFDM for UL transmission. It was agreed that the UL waveform for RA Msg3 transmission is provided by RMSI. Waveform selection for UL data transmission in RRC connected mode was extensively discussed at the previous RAN1 meeting. A list of options for further down selection were described separately in [3] for grant-based and both types of grant-free UL transmission. For convenience we only present the options for grant-based procedure as this also captures the proposed options for the grant-free procedures,
Agreements:
· For UL transmission with grant, to down-select (including possible combinations) from:
· Option 1: waveform type is determined from DCI
· 1-1: Explicit 1-bit field in the UL grant
· 1-2: Implicitly derived by other information
· 1-2-1: Some entries of MCS table are for DFT-s-OFDM for 1 layer transmission, while others for CP-OFDM
· 1-2-2: Based on the different DCI sizes
· 1-2-3: Based on the search space where the UL grant is detected
· FFS: the DCI-based determination is always enabled or is enabled/disabled by RRC signalling
· Option 2: waveform type is configured by UE-specific RRC
· Option 3: waveform type follows the information by RMSI for Msg3
· Option 4: waveform type is indicated by MAC CE
· Note: For Msg3, waveform is informed by the RMSI
· If no agreement is done, all UE follows the information by the RMSI

Option 1 is proposed for fast switching of the UL waveform. Option 1-1 and 1-2-1 are similar because an extended MCS table to support entries for DFT-s-OFDM and CP-OFDM would mean at least 6 bits if the same MCS range as LTE is adopted. Then this is equivalent to a 1-bit header in the DCI and 5-bit waveform-agnostic MCS field. The other options require further specification efforts without tangible benefits over Options 1-1 and 1-2-1. Moreover, none of these other options is applicable to Type 1 grant-free transmission as only the configured MCS or a dedicated RRC parameter are possible options for indicating UL waveform.
First it should be noted that DFT-s-OFDM is suitable for coverage-limited UEs, where the higher CM/PAPR of CP-OFDM may negatively impact reliable UL reception. Conversely, CP-OFDM is suitable UEs in good channel conditions and is one reason why it is the waveform of choice for multi-layer UL transmission. Based on these observations it is not envisioned that the coverage state of a UE would change fast enough to warrant dynamic signaling of the UL waveform. As such, slower adaptation based on RRC signaling should be sufficient.
Options 2 and 3 are possible candidates for slow adaptation. Option 2 requires an explicit configuration parameter but it should be noted that CP-OFDM can be implicitly configured when a UE is semi-statically configured for UL MIMO. The main limitation of Option 2 is during RRC reconfiguration there may be ambiguity between the gNB and UE about which UL waveform is used. One solution is that the UL waveform provided by RMSI serves as the fallback UL waveform. Therefore, Option 3 can be seen as a complementary solution to Option 2.

Proposal 1: a UE may be semi-statically configured to use CP-OFDM or DFT-s-OFDM for single layer UL transmission. During an RRC reconfiguration period a UE may transmit using the UL waveform provided by RMSI.

Grant-based UL transmission procedures
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 to gNB. 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

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 1: 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.

Grant-free UL transmission procedures
Regarding grant-free procedures the following details were agreed at the RAN1 AH #NR3 meeting [3],
Agreements:
· The design for Type 1 and Type 2 UL transmission without UL grant is based on both slot and  mini-slot based tx (at least 7, 4, and 2 OFDM symbols for Dec. 2017)
· FFS BWP related information for frequency domain resource allocation

Agreements:
· Multiple resource configurations for UL tx without UL grant can be configured to a UE 
· For UL tx without UL grant, the same resource configuration is used for K repetitions for a TB including the initial transmission

The number of repetitions, K, may be determined based on the target BLER (SINR) and coverage state of the UE. For grant-based of grant-free Type 2 transmission, it may be possible to offer more scheduling flexibility by configuring a set of values by RRC signaling and the DCI providing the UL grant, or activation, indicates a value from this set. However, since BLER target and coverage requirement are not varied dynamically, the benefit of instant K configuration is not clear. Similarly to the waveform selection discussion, the number of repetitions is not expected to change on a fast time scale. This is true for all UL transmission regardless whether it is grant-based or grant-free. Therefore, it is sufficient to semi-statically configure the number of repetitions for all cases.
Proposal 2: The number of repetitions, K, for grant-based and grant-free UL transmission is semi-statically configured by RRC signaling.

In each resource configuration for UL transmission without grant, gNB will assign K physical resources with explicit or implicit indication for K repetition for a TB including the initial transmission. In order to not limit scheduling flexibility for addressing different latency requirements, it should be possible to configure separate physical resources in time domain for each of the K repetitions. If fixed and consecutive time resources are configured, it may lose the flexibility for UE transmission. For example, early determination is not easily implemented due to no time gap to wait for gNB response. Thus, in each resource configuration, the resource(s) for repetitions other than the initial transmission should be allocated flexibly, for example, firstly specifying one initial resource, and secondly defining one offset between two consecutive repetitions. That means in each resource configuration the indications for these K repetition resources should be included in RRC signaling or DCI signaling, i.e. the resource configuration should be explicit.
Proposal 3: Resources for every repetition of K repetitions including the initial transmission can be separately indicated with explicit signaling. 

When use these configured resources in the UE performing UL transmission without grant, there are two options for starting position of the initial transmission among K repetitions, one is started at any configured resources, and another is started with fixed offset and periodicity within the configured resources.. If targeting latency reduction, the starting position of the initial transmission can be considered to place in any configured resources. UE doesn’t need to wait a predefined resource for initial transmission. Otherwise some UE will have to wait for the arrival of next transmission opportunity, which causes extra time delay. However, the impact of the increased processing complexity caused by blindly detecting the initial transmission at any configured resources needs further study. In general, grant-free transmission procedure is highly relying on blind detection, hence, if starting position is also flexible up to UE choice, technically, it will increase gNB blind detection complexity.  For example, if each RV is not self-decodable, how to determine the initial transmission is not one easy task. Thus, some trade-off between complexity and flexibility should be taken into account. 
Proposal 4: Configuring flexible starting position of the initial transmission of UL transmission without grant should take into account the trade-off between blind detection complexity and latency reduction benefit. 

If HARQ feedback is supported in UL transmission without grant, the feedback mechanism 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 an additional 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 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 due to early termination.
It should also be allowed the gNB to indicate a NACK to a UE during the K repetition. If a gNB detects a collision incurred by a UE, the gNB would send a NACK to the UE during its 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 5: Use ACK/NACK in group-common DCI to support HARQ feedback for grant-free UL transmission.

Regarding the RV determination for K repetitions including the initial transmission, for both Type 1 and Type 2 UL transmission without grant, a RV pattern is preferred.
Different RV for every transmission of K repetition including initial transmission can achieve coding gain and/or time diversity gain. Hence a RV pattern is expected to provide better performance. Since channel coding session is evaluating the performance of different RV configuration for initial transmission and re-transmission, then similar operation can be used in grant-free transmission. One new issue is that K may not be equal to regular maximum transmission times, then RV sequence should be tailed according to K value.
Proposal 6: Apply a RV pattern for K repetitions including the initial transmission for both Type 1 and Type 2 UL transmissions without grant.

In case of mini-slot based repetition, in order to reduce latency, it should be allowing to support multiple repetitions within one slot. Since in slot based transmission, the repetition can be implemented within multiple consecutive slots, hence, it is nature to support multiple consecutive mini-slot based transmission within one slot. One obvious advantage is to reduce the latency to meet the stringent requirement of critical service.
Proposal 7: Support multiple repetitions of the TB per slot in the case of repetitions using mini-slots for UL transmission without grant.


Conclusions
In this contribution, we discuss outstanding aspects of both grant-based and grant-free UL transmission procedures. 
For waveform configuration, we propose 
Proposal 1: a UE may be semi-statically configured to use CP-OFDM or DFT-s-OFDM for single layer UL transmission. During an RRC reconfiguration period a UE may transmit using the UL waveform provided by RMSI. 

For the grant-based UL transmission procedure, we have the following observations,
Observation 1: 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 2: The number of repetitions, K, for grant-based and grant-free UL transmission is semi-statically configured by RRC signaling.
Proposal 3: Resources for every repetition of K repetitions including the initial transmission can be separately indicated with explicit signaling. 
Proposal 4: Configuring flexible starting position of the initial transmission of UL transmission without grant should take into account the trade-off between blind detection complexity and latency reduction benefit.
Proposal 5: Use ACK/NACK in group-common DCI to support HARQ feedback for grant-free UL transmission.
Proposal 6: Apply a RV pattern for K repetitions including the initial transmission for both Type 1 and Type 2 UL transmissions without grant.
Proposal 7: Support multiple repetitions of the TB per slot in the case of repetitions using mini-slots for UL transmission without grant.
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