[image: image1.emf] 

... ...

P

GF transmission opportunity

3GPP TSG RAN WG1 Meeting #91
R1-1719411
Reno, USA, November 27th – December 1st 2017
Agenda Item:
7.3.3.4
Source:
Huawei, HiSilicon
Title:
UL data transmission procedure without UL grant
Document for:
Discussion and decision

1 Introduction
Given the current agreements on UL transmission without grant (“GF” in short in the text below) as summarized in appendix A, in this contribution, we further discuss the remaining details in the design of UL transmission without grant, especially some aspects such as multiple resource configurations, necessary parameters in each configuration, as well as HARQ related mechanisms. 
2 GF resource configurations
2.1 Multiple resource configurations
The discussions in this section address GF multiple resource configurations focusing on single serving cell/BWP case (based on the RAN2 decision for resource configurations for different cells), and the questions are divided into: 
· For a given type of GF, whether to support multiple configurations within a given cell/BWP;
· For different types of GF, whether to support simultaneous configurations within a cell/BWP.
In our view, from a single UE perspective, it is likely that
· The UE will be able to support different use cases with various requirements in terms of latency, reliability or coverage. For example 0.5ms/1ms (together with reliability consideration) latency requirements for URLLC and 4ms for eMBB can be envisioned.
· The UE will operate a certain application simultaneously having different traffic types in terms of packet size, packet arrival rate, etc. Unlike VoIP with fixed and simple traffic type, the real application for URLLC such as industry robot reporting both motion control and video files, cannot be accommodated if only one configuration per serving cell/BWP can be used at a given time.
· The UE will be configured with multiple BWPs (including one or more numerologies),  one of which being  active at a given time. This is motivated in NR due to the support of multiple numerologies. In line with it, multiple SR configurations for an active BWP has been agreed such that the data transmissions can be properly triggered. Given such progress, the additional standard effort for supporting multiple resource configurations within an active BWP for GF would be very marginal.
With the reasons above, we think it is necessary and beneficial to support multiple GF configurations within a given cell/BWP. Also note that multiple configurations within a serving cell for V2X in LTE had already been supported. We should avoid making NR even less competitive to LTE due to this limit. 
During the offline discussion, some valid questions raised are: If the triggered GF resource is on an inactive BWP? What should be the UE behavior? For this aspect, we think the UE shall follow the general behavior defined for inactive BWP. Following the current agreement that only one BWP is active at a time in a cell, the GF transmission shall only be operated on active BWP with pre-configured or activated resources. However, this should not preclude the possibility that the NW may pre-configure some GF resource on an inactive BWP for quick service switch given the knowledge of the traffic statistics beforehand. We believe that the NW could make reasonable configurations for GF resources on different BWPs. 

Regarding simultaneous configurations of Type 1 and Type 2 GF for a UE in a cell, we do not see clear technical concerns and issues why not to support it. No extra standardization effort is needed on top of supporting multiple configurations of the same Type within a given cell/BWP. The potential mismatch between Type 1 and Type 2 GF operations (if any) when both are active for the UE could be resolved by (1) assigning different RNTIs, (2) different HARQ IDs and/or (3) dedicated resources for each Type, respectively, where (2) and (3) can be up to NW implementation with no standard impact and (1) does not need extra signaling but a different value of RNTI when two Types are configured simultaneously. 
Proposal 1: A UE can be configured with multiple GF resource configurations within a serving cell/BWP. 
· If multiple GF data are triggered, it is up to RAN2 to decide the rule which GF data should be transmitted and on which configuration. 
· At least from RAN1 perspective, the multiple GF resource configurations above can be for one GF Type or with mixed GF Types.

2.2 Resource allocation in each configuration
For both time and frequency domain resource allocation, the following three principles are recommended.
· Strive for common framework to slot and mini-slot based transmission;
· Strive to reuse the GB design as much as possible for GF configuration details, while also considering the GF features of semi-static resource configuration and low latency transmission;
· Minimize the changes of solutions for K repetitions for K=1 and K>1, jointly considering low latency and reliability (collision resolution and signal enhancement)
2.2.1 Time-domain resource allocation

For GF transmissions, the potential transmission opportunities (TOs) in the time domain are jointly defined by the resource periodicity P that indicates the time interval (in the units of OFDM symbols) between two neighboring GF TOs, and the time domain resource allocation for each TO, as illustrated in Figure 1. Note that both slot based and mini-slot based time domain resource allocation units have been agreed [2]. In the following, we shall discuss the time domain resource allocation for the following two cases, respectively. 
· Case 1: One TO in a slot, the duration of the TO can be mini-slot
· Case 2: Multiple TOs in a slot, the duration of the TO must be mini-slot
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Figure 1 Illustration of GF transmission opportunities (TOs) in the timeline.
2.2.1.1 Case 1: One TO in a slot
For case 1, similar indication mechanism for GB can be reused for GF, and the TOs can be configured as follows, which is illustrated in Figure 2.
· The configured TOs can be defined by resource periodicity P and offset O relative to the start of SFN #0;
· The resource periodicity P is used to indicate the time interval between any two neighboring GF TOs
· The offset O indicates in which slot the GF TO is (re-)initialized;
· The time-domain-resource-allocation indicates the OFDM symbols (i.e., starting symbol and length of the allocation) to be used for the mapping of UL GF data, given by RRC for Type 1 GF and by L1 signaling for Type 2 GF. The table currently discussed in GB case can be reused.
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Figure 2 Configuration of one GF TO in a slot.
2.2.1.2 Case 2: Multiple TOs in a slot
To minimize the standard effort, the configuration of multiple GF TOs in a slot should also follow the GB case if multiple mini-slots in a slot are supported in GB. However, the key difference between GB and GF is that, in the GB case, the gNB can dynamically set the starting symbol of the mini-slot and dynamically adjust the mini-slot duration to match the channel conditions and the required TBS, which is not the case for GF with semi-static resource configurations.
Therefore, in order to keep the advantage of GF in latency and signaling overhead reduction especially for URLLC applications, configuration of multiple TOs in a slot is still important to GF case to allow flexible start location of TO.

With the above considerations, the multiple GF TOs in a slot can be configured as follows, which is illustrated in Figure 3:

· The configured TOs can be defined by resource periodicity P and offset O relative to the start of SFN #0;
· The resource periodicity P indicates the interval between any two neighboring mini-slot based GF TOs;
· The offset O indicates the slot in which the configuration of mini-slot based GF TO is (re-)initialized

· The time domain resource allocation indicates the position (i.e., starting symbol and length of the allocation) of the first mini-slot configured with GF TO in the slot indicated by offset O. The rest of the TOs can be derived by the location of the first TO and the resource periodicity P. 
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Figure 3 Configuration of multiple GF TOs in a slot.
Proposal 2: An UL transmission without UL grant can occur at any configured slot/mini-slot based transmission opportunity (TO) according to the following.
· The configured TOs can be defined by resource periodicity P and offset O relative to the start of SFN #0;
· P indicates the time interval between any two neighboring TOs;
· Offset O indicates in which slot the TO is (re-)initialized;
· Time-domain-resource-allocation indicates the OFDM symbols (starting symbol and length of the allocation) of the first TO to be used for the mapping of the UL data;
· The rest of the TOs can be derived based on the location of the first TO defined by the offset O and the resource periodicity P.
2.2.1.3 GF transmission with K repetitions (K>=1)
In case of K=1 repetitions, the time domain resource allocation discussed in 2.2.1.1 and 2.2.1.2 are enough.

In case of K>1 repetitions, the following questions need to be addressed. 
1) Which time domain resource should be used for the rest of the K-1 repetitions?
Since it has already been agreed that the K repetitions (including the initial transmission) are performed in the same resource configuration, then the explicitly configured slot/mini-slot based GF TOs should be used for all the K repetitions of a TB even for K>1 case. In other words, the rest of the K-1 repetitions should be performed on the K-1sequentially configured TOs with interval P after the first TO be defined by offset O. 
Different from using the consecutive TTIs as in LTE, using explicitly configured TOs for repetitions not only gives better and configurable time domain diversity, but also facilitates the gNB to do more accurate scheduling on the non-GF resources, avoiding potential collision and improving resource utilization. 
2) Whether the initial transmission of the K repetitions should be constrained on specific TOs?
Constraining the initial transmission of the K repetitions in specific TOs can help identify the initial transmission easily, but will increase the latency at least by (K-1)*P compared with allowing the initial transmission to occur on any configured TO. For delay-insensitive and periodic traffic, it is not costly to wait, but for delay sensitive applications such as URLLC, it will be too costly in performance to set such a constraint to the initial transmission. 

One may try to reduce latency by reducing the interval between the two TOs used for the initial transmissions to be less than K*P, then the only benefit of easy identification of the initial transmission disappears since the gNB could not tell whether a TB is a repetition of the old TB or the transmission of  a new TB. One may also try to introduce multiple resource configurations to solve the latency problem, however, if the new configuration is on a secondary cell, it may not be capable to provide the same level quality of service due to possibly worse coverage. And even if the newly introduced configuration is in the same cell, it would sacrifice capacity as the extra configuration could otherwise serve more GF traffic.
As a result, we think only for delay insensitive and periodic traffic, the initial transmission could be constrained in specific GF TOs. In other cases, especially for low latency services such as URLLC, the initial transmission of K repetitions should be allowed to be performed on any configured GF TOs. 
3) How to align the repetitions of the same TB between gNB and a UE?
This question is equivalently asking: 

a. How the initial transmission of a TB by the UE can be identified by the gNB?
b. How the HARQ ID and RV order is determined thereafter?
c. What the rule is to deal with unavailable symbol resources during K repetitions?
For question a), the initial transmission can be identified by specific TO locations when the interval between the TOs for initial transmission is larger or equal to K*P, otherwise either frequency domain or code domain (e.g., DMRS) resource is needed to identify the initial transmission but with less latency. 

For question b), the HARQ ID of the K repetitions should be the same to facilitate soft combining following an RV sequence. The HARQ ID determination and RV sequence selection are discussed in section 3.1 and section 2.3.4, respectively. 
For question c), the unavailable symbol resources could be DL symbols or unknown symbols which are not allowed for UL transmission. Then some rules should be further defined between gNB and UE in order to align the counting of the K repetitions. 
Proposal 3: When K repetition (K>=1) for UL transmission without UL grant is applied, the initial transmission of a TB can occur at any configured slot/mini-slot based GF transmission opportunity (TO) at least for low latency services, while the rest of the repetitions are performed on the sequentially configured TOs with interval P in between.
2.2.2 Frequency-domain resource allocation
In general, we consider the frequency domain resource allocation for GF can reuse the mechanism designed for GB transmission, e.g., Type 0 frequency resource indication using DCI. For Type 1, the content of such indication should be involved in UE specific RRC. 
Moreover, for frequency domain resource allocation for GF transmissions, we also need to address the relation between GF resource configuration and BWP configuration, which is briefly mentioned in section 2. It is agreed that up to four BWPs can be configured for a UE in a serving cell by RRC signaling [1]. Each BWP configuration includes multiple parameters such as its frequency position, applicable bandwidth, CP type and subcarrier spacing. As the configurations for multiple BWPs will be fundamental for UE transmissions, regardless of GF or a GB UE, it is expected that at least for one scenario, the BWP configurations are performed before the GF resource configuration for a UE. It is desirable that the BWP switching by RRC or DCI will not trigger the reconfiguration of GF configurations. This again motivates multiple GF resource configurations for a UE in cell with multiple configured BWPs.  

Thus, for the multiple GF resource configurations, each single resource configuration will include the frequency domain allocation(s) within each of the multiple BWPs pre-configured by another RRC signaling (e.g., during the UE initial network access), any of which can be activated as an active BWP to be used by the UE for data transmissions. To be efficient in this case, the GF resource configuration can define one BWP as (default) active BWP that will be activated along with the resource configuration signaling. 
Proposal 4: Reuse the frequency domain resource allocation in grant-based case for UL transmission without grant. W.r.t. each BWP configuration.
2.2.3 DMRS configurations

DMRS is used for UE activity detection and channel estimation in the GF transmissions. The DMRS configuration can follow that of the GB transmission in DCI. 

For instance, for CP-OFDM waveform, the parameters including UE rank and the port index for each rank, as well as the number of symbols used are needed to derive the DMRS pattern for the UE and an initialization value is further needed to derive the PN sequence. While for DFT-s-OFDM waveform, only port index and number of front-loaded symbols are needed to derive the pattern and a root value is further needed to generate the ZC sequence.

Note that to simply the indication/configuration, such parameters can be stored in tables with formats as in Table 1 and Table 2 so that the RRC/DCI only needs to configure/indicate the chosen index.

For Type 1, such parameters should be configured in RRC parameters. 

Table 1 Example table structure to store DMRS related parameters for CP-OFDM waveform.

	Index
	 State of CDM groups
	UE Rank
	Port Index
	Number of front-loaded symbols


Table 2 Example table structure to store DMRS related parameters for DFT-s-OFDM waveform.

	Index
	Port Index
	Number of front-loaded symbols


On the other hand, as discussed in section 2.2.1.3, it is beneficial to allow the initial transmission of the K repetitions to happen in any configured TOs. In this case, DMRS can be used to identify the initial transmission from the rest of the K repetitions. In this case, two DMRS parameter index or two sets of DMRS related parameters should be configured or indicated for each GF resource configuration. 

Proposal 5: For UL transmission without grant, reuse the DMRS parameters in grant-based indication for DMRS configuration. Different DMRSs can be used to differentiate the first transmission and following repetitions for the same TB.
2.3 Transmit parameters in each configuration
2.3.1 RNTI
Different RNTIs are used to separate different functionalities of DCI by scrambling the CRC of the DCI with the specific RNTI, so that the UE can avoid reading the fields of DCI to understand its functionality and thus reduce decoding latency and complexity. Moreover, different RNTIs can be used to distinguish different services on the same physical channel or different physical channels. For instance, in LTE, SPS transmission for V2X and VoIP are scrambled with different RNTIs. Last but not the least, by using different RNTIs, different physical transmissions can share the same HARQ ID pool. From the views above, we think it is thus proper to assign different RNTIs for Type 1 and Type 2 GF respectively. 
On the other hand, considering forward-compatibility, if the same RNTI is adopted for Rel-15 GF for both types (e.g., due to no use cases of simultaneously transmitting for now with Type 1 and Type 2 configurations for different services), future NR release may not be able to smoothly extend the mechanisms to more flexible and board application scenarios for either type of GF, because the same RNTI is implemented in the network and is not easy to replace with a new RNTI everywhere as needed in the specification. Then the UE may suffer from a potential problem or unnecessary decoding as the UE could not figure out whether a GF DCI is to activate the resource for its Type 2 GF configuration or a HARQ feedback for its type 1 GF retransmission without comparing the detailed fields in the DCI content.
Proposal 6: NR should support different RNTIs for Type 1 and Type 2 GF, respectively. 
2.3.2 MCS/TBS
As agreed in last meeting [1], for the dynamically scheduled PUSCH, TBS is obtained from an “intermediate” value according to the channel coding decisions. The “intermediate” value is calculated by NRE*v*Qm*R, where: 
· v is the number of layers, 

· Qm is the modulation order, obtained from the MCS index

· R is the code rate, obtained from the MCS index

· NRE is number of resource elements

· NRE = Y* #PRBs_scheduled
· Y is resulted from a quantization of X=12* #OFDM_symbols_scheduled – Xd – Xoh, where,

· Xd = #REs_for_DMRS_per_PRB in the scheduled duration

· Xoh = accounts for overhead per PRB from CSI-RS, CORESET, etc. and is semi-statically determined
For Type 2 GF, the MCS/TBS is indicated in the activation DCI which can directly follow the above mechanism as in GB case.
For Type 1 GF, one can reuse as much as possible the above by RRC configuring necessary parameters, i.e. the number of layers, MCS index, number of REs for RS per PRB and REs as overhead. More specifically, Qm and R both derived from the MCS index configured through UE specific RRC, Xd is configured by UE specific RRC or derived from DMRS configuration, and Xoh is configured by RRC or derived from semi-statically configured parameters.
Alternatively, it is possible to directly configure/indicate a TBS value instead of MCS index, accounting for some typical packet sizes in some typical services based on GF transmission. However, to facilitate the progress, we can re-use the formula based way for TBS determination as that in GB case for GF at least for the first phase of Rel-15.
Proposal 7: For UL transmission without UL grant, the determination of TBS reuses the formula based method as that in the grant-based case
· For Type 1, the parameters v, MCS index are configured by UE specific RRC, while Xd, and Xoh can be configured by UE specific RRC or derived from other RRC configured parameters.
2.3.3 Number of HARQ processes
The number of configured HARQ processes for each configuration in LTE is up to 8. For low latency services (main application scenario for Type 1), up to 8 HARQ processes seem not necessary. Also, if multiple configurations per cell are available for a UE and dedicated HARQ process ID set for each configuration is supported, then the maximum HARQ processes per configuration should be further reduced. Therefore, we have the following proposal.
Proposal 8: For UL transmission without grant, the max value of the configured number of HARQ processes for each configuration could be 

· M=4 if multiple resource configurations are configured per serving cell/BWP

· M=8 if only one resource configuration is configured per serving cell/BWP
2.3.4 RV sequence
The working assumption on RV configuration is agreed in email approval that the repetitions follow an RV sequence which is configured by UE-specific RRC signaling to be one of the following:

· Sequence 1: {0, 2, 3, 1}
· Sequence 2: {0, 3, 0, 3}
· Sequence 3: {0, 0, 0, 0}
There seems to be different view on the necessity of Sequence 2 while there is a consensus on others. To minimize the RRC impact and ensure some extent of performance for GF, we propose
Proposal 9: RAN1 to ensure RRC can configure at least one of Sequence 1 and Sequence 3, and to decide the necessity of Sequence 2 in channel coding session.
3 GF operations 

3.1 HARQ ID determination
To determine the HARQ ID of the GF transmissions, the HARQ process ID of a TB can be derived based on the distinguishable GF resources (e.g., time/frequency resource, DMRS, K, etc.). 
The mapping of HARQ ID can be associated with GF resources and the repetition number K, as illustrated in Figure 4. In Fig. 4, each GF resource corresponds to a GF TO and the HARQ ID can be determined by the GF TOs and K, for example, ID = 1 for TB2 with K of 4. For the case of multiple resource configurations, an HARQ process ID offset can be added to each resource configuration as shown in Fig. 4 to avoid HARQ process ID conflict in different GF configurations. The HARQ process ID offset can be configured in RRC. An alternative scheme is to have RRC (Type 1) or each DCI activation (Type 2) explicitly configures the set of time-frequency resource corresponding to a specific HARQ ID. 

UE should be allowed to start GF transmission at any configured GF resources, which is important for low latency service such as URLLC, the HARQ process ID of a TB shall be determined by the GF resource for the initial transmission of the TB, and then the following repetitions should use the same HARQ ID as the one derived from the initial transmission, as shown in Fig. 4 for TB1 and TB2. The advantage of the scheme in Fig. 4 is that, the latency from the packet arrival to the start of the initial transmission is very low. In addition, after K repetitions of a TB are done, the next GF resource is always mapped to a different HARQ process ID, which allows the UE to start transmission of another new TB immediately when needed, even if HARQ process of previous TB is still ongoing.
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Figure 4. Example of resource mapping with repetition K and multiple resource configurations

For GB retransmission after GF transmissions for the same TB, the gNB can calculate the HARQ ID using the same mechanism and carry it in UL grant scheduling the retransmission of the TB, then the UE can obtain the HARQ ID by decoding the UL grant and know exactly which TB is scheduled. 
Based on the discussion above, we have the following proposals.
Proposal 10: For UL transmission without grant, the HARQ process ID for a TB is also determined according to frequency domain resource and the number of repetitions K. 
3.2 HARQ feedback and UE behavior
For GF transmission, a HARQ-ACK indication is needed to serve as transmission acknowledgement of a TB. Both a group common DCI or a UE-specific UL grant can be supported for the indication. The explicit ACK-indication has the benefits of early termination and more efficient resource utilization, as well as energy saving for the UE, which has been adopted in LTE. 

· In case of UE specific DCI, a DCI scrambled with GF-specific RNTI carrying NDI=0 without special fields setting can be used for indicating ACK. This is useful when gNB needs to schedule a UE with link adaptation by UL grant.

· In case of group common DCI, LTE DCI format 3/3A can be starting point for indicating ACK/NACK for a group of UEs. This is particularly useful for signaling overhead reduction while the NACKed UEs can simply keep repetitions.
Proposal 11: NR should support the network to send an explicit HARQ feedback indicating ACK to a UE performing UL transmission without UL grant during or after K repetitions. 
· Both group common DCI and UE-specific DCI for HARQ-ACK indication are supported.

On the other hand, a UE may fail to receive any feedback from gNB due to some reasons such as a bad channel condition. In this case, a Timer for HARQ feedback can be predefined. When the Timer expires and no HARQ feedback is received, the UE can assume ACK or NACK, depending on NW configuration. 
· If ACK is assumed per configuration, the UE will not retransmit the previous packet autonomously but keep the HARQ buffer for the packet and wait for potential GB retransmission until the Timer for HARQ buffer flushing expires (or saying, autonomous retransmission is up to UE but the NW will not combine the “new” transmission to the previous reception of the same TB). 
· The use case of assuming ACK would probably be that the service priority is comparatively high and the NW could manage to allocation good quality resources to a UE, so that the UE has high probability of successful transmission; and if the packet transmission fails, the NW can schedule dedicated resource for the retransmission in a timely manner.
· If NACK is assumed, the UE can retransmit the previous packet autonomously using configured GF resources as long as the number of retransmission hasn’t reached the maximum allowed number of retransmissions pre-defined, while the NW will try to perform HARQ combining. 
· The use case of assuming NACK would probably be that the service priority is comparatively low, and the NW can foresee the miss-detection due to poor channel conditions, and would not be able to schedule timely and dedicated resource for retransmission. 
Thus, depending on e.g. resource usage, traffic loading, and service priority, the UE behavior of assuming ACK or NACK can be up to network configuration. 

Proposal 12: For UL transmission without UL grant,

· A Timer for HARQ feedback should be predefined;
· When the Timer expires and no explicit HARQ feedback is received, it is configured by the network whether the UE shall assume ACK or NACK for Release 15.
4 Others

During the offline email discussion, some company proposed to re-use GF-RNTI for the triggering of SP-CSI reporting. Note that the CSI reporting is motivated for better channel measurement targeting at large and bursty DL packet transmission, and has nothing to do with the UL GF data transmission. In this sense, it is ok if SP-CSI reporting would re-use the RRC+DCI resource configuration and triggering mechanism, but it should be independent from the resource configuration and data transmission of GF. Therefore, a new RNTI for measurement reporting can be applied. Otherwise, simply reuse C-RNTI with revised field interpretation could also be acceptable. 
5 Conclusions 
In this contribution, we discuss the remaining issues of Type 1 and Type 2 GF design. Observations and proposals are given as follows.
Proposal 1: A UE can be configured with multiple GF resource configurations within a serving cell/BWP. 

· If multiple GF data are triggered, it is up to RAN2 to decide the rule which GF data should be transmitted and on which configuration. 
· At least from RAN1 perspective, the multiple GF resource configurations above can be for one GF Type or with mixed GF Types.

Proposal 2: An UL transmission without UL grant can occur at any configured slot/mini-slot based transmission opportunity (TO) according to the following
· The configured TOs can be defined by resource periodicity P and offset O relative to the start of SFN #0;
· P indicates the time interval between any two neighboring TOs;
· Offset O indicates in which slot the TO is (re-)initialized;
· Time-domain-resource-allocation indicates the OFDM symbols (starting symbol and length of the allocation) of the first TO to be used for the mapping of the UL data;
· The rest of the TOs can be derived based on the location of the first TO defined by the offset O and the resource periodicity P.
Proposal 3: When K repetition (K>=1) for UL transmission without UL grant is applied, the initial transmission of a TB can occur at any configured slot/mini-slot based GF transmission opportunity (TO) at least for low latency services, while the rest of the repetitions are performed on the sequentially configured TOs with interval P in between.
Proposal 4: Reuse the frequency domain resource allocation in grant-based case for UL transmission without grant. W.r.t. each BWP configuration.

Proposal 5: For UL transmission without grant, reuse the DMRS parameters in grant-based indication for DMRS configuration. Different DMRSs can be used to differentiate the first transmission and following repetitions for the same TB.
Proposal 6: NR should support different RNTIs for Type 1 and Type 2 GF, respectively. 

Proposal 7: For UL transmission without UL grant, the determination of TBS reuses the formula based method as that in the grant-based case

· For Type 1, the parameters v, MCS index are configured by UE specific RRC, while Xd, and Xoh can be configured by UE specific RRC or derived from other RRC configured parameters.

Proposal 8: For UL transmission without grant, the max value of the configured number of HARQ processes for each configuration could be 

· M=4 if multiple resource configurations are configured per serving cell/BWP

· M=8 if only one resource configuration is configured per serving cell/BWP
Proposal 9: RAN1 to ensure RRC can configure at least one of Sequence 1 and Sequence 3, and to decide the necessity of Sequence 2 in channel coding session.

Proposal 10: For UL transmission without grant, the HARQ process ID for a TB is also determined according to frequency domain resource and the number of repetitions K. 

Proposal 11: NR should support the network to send an explicit HARQ feedback indicating ACK to a UE performing UL transmission without UL grant during or after K repetitions. 
· Both group common DCI and UE-specific DCI for HARQ-ACK indication are supported.

Proposal 12: For UL transmission without UL grant,

· A Timer for HARQ feedback should be predefined;

· When the Timer expires and no explicit HARQ feedback is received, it is configured by the network whether the UE shall assume ACK or NACK for Release 15.
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Appendix A 
In RAN 1 #88, RAN1 NR Adhoc #2, RAN 1 #89, RAN 1 #90, RAN1 Adhoc #3, and RAN1#90b, the following agreements on GF transmission were achieved for URLLC [1][2][3][4][5]. 

Agreement in RAN1#90b
· For Type 1 and Type 2 UL transmission without grant,
· By UE-specific RRC signaling, a UE can be separately configured with UL waveform that is different from the one configured by RMSI for Msg3.
· Note: even if the UE is configured with Type 1 and Type 2 UL transmission without grant, the UE may transmit PUSCH that is scheduled by UL grant, in which case the UL waveform determination for UL transmission with grant is used.
· At least support following periodicities of resources for UL transmission without UL grant 
· FFS other values with taking into account the alignment with 14 symbols
	Subcarrier spacing (kHz)
	Supported periodicities [ms]

	15
	2 symbols, 7 symbols, 1, 2, 5, 10, 20, 32, 40, 64, 80, 128, 160, 320, 640

	30
	2 symbols, 7 symbols, 0.5, 1, 2, 5, 10, 20, 32, 40, 64, 80, 128, 160, 320, 640

	60
	2 symbols, 7 symbols (6 symbols for ECP), 0.25,0.5,1,2,5,10,20, , 32, 40, 64, 80, 128, 160, 320, 640

	120
	2 symbols, 7 symbols, 0.125,0.25,0.5,1,2,5,10,20, 32, 40, 64, 80, 128, 160, 320, 640


· Support PUSCH frequency-hopping for DFT-s-OFDM and CP-OFDM waveform with RA Type 1. 
· At least support intra-slot FH for Msg.3.   
· FFS: details including hopping pattern/configurations, signaling designs, etc.
· FFS whether applicable to all PUSCH durations within a slot 
· FFS: whether to support repetition of Msg.3
· Support UE-specific RRC configuration of the following: 
· Mode 1: intra-slot FH only 
· FFS whether applicable to all PUSCH durations within a slot
· Note: Mode 1 is applicable to single slot and repetition case
· Mode 2: inter-slot only 
· Note:  Mode 2 is applicable to repetition case
· FH across mini-slots for repetitions 
· FFS: whether it can be enabled by which mode and details, including alignment with slot boundary, pattern etc. Target to have a common FH design between slot and mini-slot.
· FFS: details including the number of configurations, hopping pattern/configurations, signaling designs, etc.
· Support RAR/UL grant indication for PUSCH frequency-hopping 
· FFS: details including how to indicate enable/disable and pattern/mode of FH.
·  For UL transmission without UL grant, for each configuration 
· The number of configured HARQ processes is explicitly configured by RRC    
· Each configuration can have multiple HARQ processes 
· The value range is {1, 2, …, M}, where M value is FFS
· For Type 1 and Type 2 UL transmission without grant, RNTI(s) is/are configured by UE-specific RRC signaling.
· Whether the same or different RNTI(s) for Type 1 and Type 2 can be decided by RAN2.
· Within each type, an RNTI is configured by UE-specific RRC signaling at least for one resource configuration in a serving cell
· For UL transmission without UL grant, 
· The HARQ ID for a TB should be the same during the repetitions and retransmissions if any.
· The HARQ ID is at least determined by 
· the number of HARQ processes in the configuration
· the time-domain resource for the UL data transmission
· FFS: other factors such as frequency-domain resource, DMRS, repetition K dependency on initial transmission
Working assumptions in RAN1#90b
· For UL transmission without UL grant, for a TB transmission with K repetitions 
· The repetitions follow an RV sequence and it is configured by UE-specific RRC signaling to be one of the following: 
· Sequence 1: {0, 2, 3, 1}
· Sequence 2: {0, 3, 0, 3}
· Sequence 3: {0, 0, 0, 0}
Agreement in Adhoc #3
· 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
· 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
· 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 signaling
· 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
· For Type 1 UL transmission without grant, to down-select (including possible combinations) from:
· Option 1: waveform type is determined from UE-specific RRC
· 1-1: Explicitly configured by the RRC
· 1-2: Implicitly derived by other information in RRC
· E.g., some entries of MCS table are for DFT-s-OFDM for 1 layer transmission, while others for CP-OFDM
· Option 2: waveform type follows the information by RMSI for Msg3 
· For Type 2 UL transmission without 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 signaling
· 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
· Aim to have the same solution as in the UL with grant case
Agreements in RAN1 #90:
· Confirm the Working assumption: Both DFT-S-OFDM and CP-OFDM are supported for UL transmission without grant.
· It is not necessary to support Type 3 UL transmission without UL grant
· Support using MAC CE as an acknowledgement for L1 signaling for activation/deactivation of Type 2 UL transmission without grant (similar/same behavior 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 signaling
· Repetition number K for Type 2 UL transmission without grant is down-selected from the following:
· Option 1: Only RRC signaling
· Option 2: Combination of RRC + L1 activation signaling
· 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 in RAN1 Ad Hoc #2:
· 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
· RAN1 considers that UE transmitting UL transmission without UL grant can be identified based on time/frequency resources and RS parameter(s). 
· …
· FFS the reliability issues for L1 signaling.

· 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 signaling
· Offset associated with the periodicity with respect to a timing reference indicated by L1 signaling 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 signaling and/or indicated by L1 signaling
And also, the following agreements on GF repetitions were achieved [3] [4]:
Agreements in RAN1 Ad Hoc:
· For an UL transmission scheme with/without grant

· K repetitions including initial transmission (with the same or different RV and FFS with different MCS) (K>=1) for the same transport block are supported

· FFS the way K is determined

· FFS: hopping mechanisms over the transmissions
Agreements in RAN1#88:
· 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 GF allocation is based on mini-slot (vice versa)
· Note that other termination condition of repetition may apply
4 repetitions of TB1, ID=0





4 repetitions of TB2, ID=1
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