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Introduction
The current contribution discusses the options listed on the below agreements reached in RAN1#90 [2].
RV determination for K repetitions
For Type 1 and Type 2, the repetition could follow chase combining (single RV value) or incremental redundancy (RV pattern) or be configured on either schemes via RRC or L1 signalling.

· 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
For Type 1 and Type 2, due to the lack of channel knowledge at the gNB, it is likely that the network configures the UE to transmit using a low coding rate for each repetition. The gain that RV is able to bring is small in cases where the coding rate is low. Additionally, in order to keep the latency low, a scheme where each repetition is self-decodable is preferred. 
Therefore, we think the RV can be either fixed or RRC configured to a single value and that chase combining should be used across all repetitions.
Proposal 1: Uplink URLLC Type 1 and Type 2 should support a mode with a single RV value, either fixed or RRC configured, across all repetitions.
Configuration of repetition number K
Regarding the configuration of the maximum number of repetitions K, RAN1 #90 [2] listed the following options:
· 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
Option 2, i.e. dynamically adjusting the maximum number of repetitions K via L1 signalling, assumes that the gNB is able to estimate the BLER (e.g. 10-x with 0 < x < 5) that is achievable after a given number of repetitions “K1”. The gNB could then decide to systematically switch to grant-based transmission after K1 repetitions and complete the transmission to reach the URLLC requirement of 10-5.
However, this dynamic adjustment relies on a fairly good knowledge of the channel to be able to accurately adjust the value of K. Furthermore, there already exists other ways to achieve a given BLER performance under varying channel conditions than to dynamically change the value of K. MCS adaptation can for example, adjust the energy per bit dynamically.
Finally, if adopted, the ACK-based early termination allows guaranteeing that the UE will not transmit unnecessary repetitions while removing the need for dynamically reducing the value of K.
Proposal 2: Repetition number K for Type 2 Uplink URLLC Transmission should be configured via RRC signalling only.
HARQ Feedback for uplink transmission
Regarding HARQ feedback, RAN1 #90 [2] agreed the following:
· 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”
If the gNB decode the UE data successfully, it should transmit an ACK to the UE. This could be indicated by either using a grant if there is more data to be transmitted by the UE, or by explicit ACK feedback. The ACK could be transmitted using UE-specific DCI, however it would be inefficient method to transmit just an ACK. An alternative is to use a group-common DCI to provide HARQ feedback for multiple users. Similar to LTE’s DCI format 3/3A, a bitmap can be adopted in the group-common DCI as shown in Figure 1, where each feedback index is associated to a specific UE (e.g. via high layer configuration). If there are N users supported in the system, each with M maximum HARQ processes, this method will require  bits. When there is a high number of UEs supported in the system with sporadic traffic, most of the HARQ feedback fields will not be utilized due to UEs’ inactivity. Therefore, this design will lead to inefficient resource utilization.
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[bookmark: _Ref492915028]Figure 1: HARQ feedback based on bitmap
Observation 1: Using a bitmap in group-common DCI to provide HARQ feedback is inefficient in its resource utilization when there is a high number of supported UEs with sporadic traffic.
In such scenarios, including the UE’s ID for HARQ feedback can be a better alternative. As illustrated in Figure 2, each feedback field can contain the UE’s ID and the associated HARQ process number (HPN). With this method  bits will be required to transmit HARQ feedback to K users (where the feedback is for one of each user’s HARQ processes). Hence, the total HARQ feedback size (i.e. the number of feedback fields in Figure 2) can be adjusted based on the expected number of simultaneous active UEs (K) rather than the total number of UEs (N). Given that K is expected to be much smaller than N, due to the sporadic traffic, the total required bits in the HARQ feedback will be less compared to the bitmap approach (i.e. ).
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[bookmark: _Ref492915425]Figure 2: HARQ feedback based on UE’s ID and HARQ process number.
If it is expected that the active UEs will use more than one HARQ process at the same time, a bitmap for the HARQ processes of each UE can be used instead of the HPN (as shown in Figure 3). Here, the required bits to transmit HARQ feedback to K users each with M HARQ processes will be.
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[bookmark: _Ref492915661]Figure 3: HARQ feedback based on UE’s ID and HARQ processes bitmap.
Proposal 3: Support HARQ feedback based on UE’s ID and HARQ process number/HARQ processes bitmap in the group-common DCI.
Configuration of RNTI for grant-based retransmission following initial grant-free transmission
RAN1 #90 [2] agreed the following:
· 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. 

In LTE, a CRC is attached to the DCI that convey the uplink grant [7]. The CRC is scrambled with the RNTI but do not carry any useful information the UE can use to adapt its behavior.
For NR, as suggested by the above agreement, it is possible to use a different RNTI value to indicate either re-transmission of some data initially transmitted in grant-free mode, or a new transmission.
More generally than with RNTI, it is possible to introduce a parameter used for DCI encoding and whose value selects the UE behavior. RRC configuration can associate the expected UE behaviors to each individual value of the parameter (Figure 4). 

 
[bookmark: _Ref492547808]Figure 4: DCI encoding parameter selecting re-transmission or new transmission
Similarly, the parameter value can control the duration “k2” between the reception of the DCI and the associated transmission (Figure 5).


[bookmark: _Ref492547794]Figure 5: DCI encoding parameter selecting the value of k2
Furthermore, the parameter value can control the interpretation of some RRC configured parameters. For instance, the unit associated with parameter k2 can be interpreted as mini-slot or slot.
Proposal 4: RAN1 should specify a method to control the UE behaviour and allow different interpretation of the RRC parameters according to different values of the RNTI parameter.

Proposal 5: For Type 1 and Type 2, UE RRC configuration includes multiple RNTI values. The number of RNTI values is FFS.
Configuration of repetition time/frequency pattern
RAN1 NR#2 [1] has agreed that for both type 1 and type 2 GF URLLC a resource periodicity is defined for UE transmission. The link between the repetition and the periodicity parameter has not been agreed.
This section proposes a generic way of configuring the time/frequency map of the resources, in relation with the repetitions. This section assumes that repetition and transmission terms can be used interchangeably: Repetitions are transmissions that have not been scheduled by a grant. Transmissions that are scheduled by a grant are either re-transmissions or grant-based transmissions.
The proposed method defines configuration parameters that allow a generic time/frequency mapping per repetition and enables the support of:
· Frequency diversity (Hopping)
· Time diversity
· Symmetric and asymmetric repetitions mapping
· HARQ process ID indication to gNB (details in section 7 and [6])

The configuration can refer to a grid of resources. The grid can be of variable size in time and frequency. Each UE /HARQ process is associated with a subset of the overall resource grid. For each repetition index the UE is configured to transmit within some or all of the resources within this subset.
Figure 6, left side, shows an example of frequency hopping support with K=3 where the UE is associated with resource subset {1,10,13} and a Periodicity of 3 TTIs. In this example the UE transmits:
· within resource #1 at the first repetition transmission
· within resources #10 at the second repetition transmission
· within resources #13 at the third repetition transmission
· The configuration parameter for a UE can be :
· Resource(repetition_index = 1) = {1}
· Resource(repetition_index = 2) = {10}
· Resource(repetition_index = 3) = {13}
The proposed method also supports the asymmetric repetition scheme that is presented in [5]. The right side of Figure 6 shows an example of asymmetric repetitions with K=3 and Periodicity of 3 TTIs where the configuration parameter for a UE is:
· Resource(repetition_index = 1) = {1}
· Resource(repetition_index = 2) = {9, 10}
· Resource(repetition_index = 3) = {12, 13,16}
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[bookmark: _Ref492557011]Figure 6: Configurable number and indexes of resources per repetition (symmetric case (left) or asymmetric case (right)) 
Proposal 6: To maximize the flexibility of the repetition scheduling, support a per-repetition time/frequency resource(s) configuration.
[bookmark: _Ref494448799]HARQ Process Identification and Repetition Indexing
In SPS LTE, transmit occasions are separated by a periodicity of semiPersistSchedIntervalUL. The next transmit occasion is systematically associated with a HARQ process ID that is incremented by one, modulo the maximum number of HARQ processes numberOfConfUlSPS-Processes.

In NR, repetitions have been introduced. It is necessary to investigate how to multiplex the HARQ processes and the repetitions. Adequate multiplexing is required in order to keep the uplink latency low for new data and on-going repetitions. If we assume that one time / frequency resource is dedicated to one HARQ process, and that all the repetitions of the same data are using the same HARQ process, then, there are a few issues that need to be considered:
1. Initial latency – Data needs to be transmitted on the next free transmission resource
1. Repetition delay – The delay between repetitions need to be kept to a minimum to have increased reliability with low latency
1. HARQ processes awaiting feedback – If a HARQ process is stuck waiting for gNB feedback [4], corresponding resources are unusable and latency is introduced in data transmission.
A solution as in Figure 7a solves the problem of repetition delay but comes at the cost of high initial latency, which may get worse with HARQ processes awaiting feedback. The solution presented in [3] reduces the problem of high initial latency, but a stuck HARQ process introduces increased latency as consecutive occasions are rendered unusable. A solution as in Figure 7b lowers initial latency while mitigating the impact of stuck HARQ processes, as other occasions are soon available. However, this comes at the cost of increased repetition delay.



[bookmark: _Ref494460962]Figure 7: Issues with HARQ process determination with repetitions

We explore another option that works around all three issues mentioned above.
In order to come-up with a solution, the definition of the HARQ process ID used in LTE can be maintained, but it should be assumed that the HARQ process ID that is associated with all the repetitions of a given data, is the one that corresponds to the resource used only for its first repetition. 
With the above HARQ process ID definition, the first repetition is transmitted over the resource associated with the data’s HARQ process ID and subsequent repetitions may use other resources associated with any other HARQ process IDs.

Figure 8 illustrates the arrival of new data and its transmission with 3 repetitions. As soon as the new data is available, the UE selects the next available HARQ process ID (here process ID #0) and repeats the transmission across consecutive occasions following a time/frequency resource pattern known both at UE and gNB side.



[bookmark: _Ref494460939]Figure 8: Uplink transmission with repetitions
Using this new scheme, data transmission does not suffer from high delay between consecutive repetitions and, because HARQ processes are interleaved, new data arrival does not have to wait for too long before it can be transmitted using an available process.  
Repetition Indexing
For transmission without grant, the gNB may not be able to detect the first “N-1” repetitions of a given data transmission. This can be due to, for instance fading (especially if freq. hopping is adopted to improve diversity), interference, collision, etc ….
When the gNB detects a repetition, it has to discover which of the K possible repetition instances was transmitted. Knowing the repetition index enables the gNB to trace back the repetition pattern and identify which HARQ process ID is associated with the initial repetition.
Consequently, repetition indexing is required for HARQ process identification.

Observation 2: For uplink transmission without grant, the network requires UE data repetition indexing in order to identify the HARQ process used for the transmission.

Recovering the HARQ process ID is useful to handle potential grant based retransmissions and may also helps the gNB to properly decode the received repetitions. Some additional examples of repetition indexing can be:

· Repetition combining and RV selection
Detecting the repetition index allows the gNB to know how many repetitions it can expect to further receive from the UE and allows decoding the appropriate RV value when incremental redundancy combining is used.

· Repetition re-decoding
In case a repetition index was previously wrongly estimated, due to, for instance, some temporary large delay spread, the data decoding might have failed. Subsequent detection(s) of the repetition index may improve the data decoding if we assume that the data previously received was buffered.

Figure 9 illustrates the above examples showing how the gNB can take advantage of repetition indexing.
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[bookmark: _Ref494462694]Figure 9: Use of repetition indexing
Practically, repetition indexing can be implemented using different cyclic shift versions of the same Zadoff-Chu sequence with sufficient separation between consecutive cyclic shifts w.r.t the maximum channel delay spread.

Proposal 7: Cyclic shift versions of a given Zadoff-Chu base sequence can be used to index the K repetitions of a TB
Conclusion
In the current contribution, we exposed our preference on the use of redundancy version across repetitions and on the configuration of the parameter K. We propose a solution to optimize the uplink HARQ signalling overhead and introduce a design proposal to facilitate the control of the UE behavior using uplink DCI. Finally, we propose a generic design for the configuration of the time/frequency mapping for the K repetitions and for HARQ process identification.
Observation 1: Using a bitmap in group-common DCI to provide HARQ feedback is inefficient in its resource utilization when there is a high number of supported UEs with sporadic traffic.
Observation 2: For uplink transmission without grant, the network requires UE data repetition indexing in order to identify the HARQ process used for the transmission.
Proposal 1: Uplink URLLC Type 1 and Type 2 should support a mode with a single RV value, either fixed or RRC configured, across all repetitions.

Proposal 2: Repetition number K for Type 2 Uplink URLLC Transmission should be configured via RRC signalling only.
Proposal 3: Support HARQ feedback based on UE’s ID and HARQ process number/HARQ processes bitmap in the group-common DCI.
Proposal 4: RAN1 should specify a method to control the UE behaviour and allow different interpretation of the RRC parameters according to different values of the RNTI parameter.

Proposal 5: For Type 1 and Type 2, UE RRC configuration includes multiple RNTI values. The number of RNTI values is FFS.
Proposal 6: To maximize the flexibility of the repetition scheduling, support a per-repetition time/frequency resource(s) configuration.
Proposal 7: Cyclic shift versions of a given Zadoff-Chu base sequence can be used to index the K repetitions of a TB
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