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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Given the current agreements on UL transmission without grant as summarized in appendix A and B, in this contribution, we further discuss the remaining issues in the design of UL transmission without grant, especially some aspects such as resource configuration and HARQ related mechanism, which is suggested to be given with high priority to be discussed in the Oct meeting. Moreover, we also discuss about the potential issue to configure small SR periodicity. 
[bookmark: _Ref129681832]Further discussion on GF resource configuration
In this section, we further discuss the remaining issues in GF resource configuration. In the last meeting, it is agreed that K repetitions will be performed in the same GF resource configuration. The remaining questions are mainly on how the time/frequency domain resources are configured within in each GF resource configurations to support the K repetitions. 
In order to make the system design neat without unnecessary standard changes, and according to the majority view in the offline discussion of the AH#03 meeting [7], we propose to have the further discussion based on the following principles. 
Proposal 1: K repetitions should be performed on the explicitly configured GF resource, each corresponding to one transmission occasion. 
Proposal 2: Transmission duration for each transmission occasion is either slot based or mini-slot based, and the periodicity between transmission occasions is either N slots or N mini-slots, N>=1.

In the following, we will discuss slot-based GF resource allocation and mini-slot based GF resource allocation respectively. Note that the discussion will mainly focus on the time domain resource allocation, which determines the GF transmission occasions along the time. It will also cover the offline discussion points such as 1) whether the GF transmission occasion should be allocated on the basis of one occasion, each for one repetition, or a group of K occasions, potentially for K repetitions; 2) given the configured occasions, how to start the K repetitions, at fixed occasions or at any available GF resource occasion. 
For frequency domain resource allocation, as commonly understand, it should be similar to the allocation in grant-based case in DCI, which is RB or RBG based. Given the tight timeline for R15 WI, we may first consider the same number of RBs or RBGs for each repetition of the K repetitions, thus keeping the same MCS/TBS values along K repetitions to facilitate soft combing. 
Slot-based GF resource configuration
How to configure GF transmission occasions 
It is agreed that the design for Type 1 and Type 2 UL transmission without UL grant is based on both slot and mini-slot based transmission [1]. For slot-based GF transmission, the following two options can be considered for GF resource configuration, as also illustrated in Figure 1:
· Option A: Using one periodicity parameter to configure GF transmission occasions for both initial transmission and the subsequent repetitions.
In the NR agreements on GF RRC configuration, the periodicity parameter P has been considered. Based on this parameter, one way to explicitly configure the GF transmission occasions (one for a repetition transmission from K repetitions of a TB or K occasions for K repetition transmissions of a TB) is assuming that the periodicity parameter P is used to indicate the number of time units (e.g., one slot could be one time unit) between any two neighboring GF transmission occasions in a single GF resource configuration, as shown in Figure 1 Option A. 
· Option B: Using two periodicity parameters to configure GF transmission occasions for initial transmission and the following repetitions.
As shown in Figure 1, in Option B, the configured GF transmission occasions are divided into groups and the current periodicity parameter P is used to indicate the number of time units between any two neighboring GF occasion groups. Within the GF occasion group, another periodicity P’ is required to indicate the number of the time units between any two GF transmission occasions in the group. 
[image: ]
Figure 1 Options to configure slot-based GF transmission occasions.
Note that there is also some option to use bitmap type indication of the GF transmission occasions within a period for Option B. However, this seems not provide obvious benefits since the main reason of defining a gap between two neighboring transmission occasions among available UL resources is to introduce time diversity as mini-slots close to each other may suffer similar channel environment. The locations of UL available resources can be automatically identified based on slot type information together with reserved resources. 
When UE can perform initial GF transmission at any of the configured GF occasions, option A provides the minimum delay for the UE to start the initial GF transmission and it is very simple to configure. Therefore, option A is the preferred option for grant-free resource configuration.  
Proposal 3: For UL transmission without grant, at least a single periodicity parameter should be supported to configure the gap between two neighboring GF transmission occasions.

How to start K repetitions on the configured transmission occasions
Based on offline discussions during Ad Hoc#03 [7], there are basically two use case options on how to start K repetitions for a TB, as shown in Figure 2, where each rectangular block in the figure represents one explicitly configured GF occasion.
· Option 1: K repetitions of a TB (including the first transmission) can start at any configured GF transmission occasions;
· Option 2: K repetitions of a TB (including the first transmission) only start at fixed configured GF transmission occasions. 
For Option 1, upon its traffic arrival, the UE can start the transmission immediately using the closest GF resource occasions. In this case, the waiting time for upcoming transmission opportunities can be minimized and thus reduces the total delay, which is favorable for URLLC services with extremely tight latency requirement. While to support VoIP services which usually have regular voice packet arrivals, the periodicity parameter(s) can be set accordingly to increase the resource utilization efficiency. In this options, Option 1-a is straightforward to provide resource configuration on the periodicity parameter with different values to support URLLC and VoIP services, respectively, in which either the constant latency performance or high resource utilization can be achieved.  
While for Option 2, the initial transmission of a TB can only be performed at fixed GF resource occasions.  In this case, the explicitly configured GF transmission occasions are divided into groups with each group to serve K repetitions of a TB.  Different GF occasion groups may overlap depending on the configuration parameter values of P, P’ and K, which could lead to some issues. For example, assume that there are N explicitly configured GF transmission occasions between two neighboring GF transmission occasions for initial transmission of a TB. If K is larger than N, then the K repetitions will span over two or more consecutive GF transmission occasions for initial transmission. In this case, Option 2 loses its only potential benefit of easy identifying the location of initial transmission of a TB as a repetition block will transmit over two or more initial resource occasions. On the other hand, if N is larger than or equal to K to facilitate the determination of the initial transmission, latency could be a problem due to the extra delay introduced by waiting for the coming of GF resource occasions for initial transmission, especially for URLLC service with tight latency requirement.
Based on the above analysis, to meet the latency requirement of URLLC services, we propose that K repetitions of a TB can start at any configured GF transmission occasions.
Proposal 4: K repetitions of a TB can be started at any configured GF transmission occasions. 
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Figure 2 Options on how to start K repetitions for a TB
Mini-slot based GF resource configuration
It is agreed that the design for Type 1 and Type 2 UL transmission without UL grant is based on both slot and mini-slot based transmission [1]. Based on this agreement, in this subsection, we discuss how to explicitly configure and use mini-slot based GF resources in a single GF resource configuration. To make the configuration, scheduling and gNB detection simpler with mini-slot, 2-symbol mini-slot and 7-symbol mini-slot can be used as the configuration granularity units.
For mini-slot based grant-free resource configuration, there are two different options for resource configuration which corresponds to different purpose of using mini-slots. 
· Option X: Only 1 mini-slot based repetition to be performed within a slot, as shown in Figure 3. 
In this scenario, mini-slot is only for the granularity of the resource configuration such that the GF resources in a slot can be TDM multiplexed with other users’ transmissions. 
· Option Y: Multiple mini-slot based repetitions to be performed within one slot, as shown in Figure 3. 
In this scenario, the mini-slot configuration is not only used as the granularity of resource, but also as the basic unit to apply GF transmission occasions, which can bring benefit in latency reduction, as shown in Figure 3. Also, in this case, we suggest the K repetitions of a TB can start at any mini-slots that are configured as GF transmission occasions, as discussed in section 2.1.1. 
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Option X:  Using only one mini-slot to perform 1 repetition of a TB within one slot
 [image: ]
Option Y: Using mini-slots within a slot to perform repetitions of a TB 
Figure 3 Options of mini-slot based repetitions
Option X has the following drawbacks:
· The transmission occasion is slot based even if resource allocation within a slot is mini-slot level. Thus, 14 symbols latency is introduced if the UE is missing the starting OS of a mini-slot within that slot. 
· When one transmission is applied, it is not easy to fast decode the UL packet, and further terminate the transmission as needed. 
[bookmark: _GoBack]In general, Option Y has some advantages over Option X in the sense that it allows for fast repetition where the latency between packet arrival and initial grant-free transmission is in mini-slot level as oppose to slot level for option X, which is important for URLLC application.  In addition, the gNB may be able to decode the packet as early as receiving one GF transmission using a mini-slot. Therefore, Option Y is preferred. 
Proposal 5: For UL transmission without grant, multiple mini-slot based repetitions within a slot is supported. 
Further discussion on HARQ related operations
HARQ process ID determination
In order to support soft combining, the HARQ ID of a TB with GF transmission should remain the same for its initial transmission, the subsequent repetitions, as well as any potential retransmission. 
To determine the HARQ ID of the GF transmissions, similar mechanism as in LTE can be used with some modification, i.e., the HARQ process ID of a TB can be derived based on the distinguishable GF resources (e.g., time and/or frequency resource, DMRS, K, and etc.). 
The mapping of HARQ ID to GF resources may be also associated with K, as illustrated in Figure 4. In Fig. 4, each GF resource may corresponds to a GF resource occasion. The configuration of GF transmission occasions have been discussed before as seen in Fig. 1. Although the configuration of GF transmission occasions may be different, the HARQ ID can be determined by the GF transmission occasions and K. 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.
 (
4 repetitions of TB1, ID=0
4 repetitions of TB2, ID=1
)
Figure 4: Example of resource mapping with repetition K and multiple resource configurations
When the UE can start GF transmission at any configured GF occasion, it is important for the gNB to identify the first transmission of a TB. As DMRS is already used for activity detection, different DMRS can be used for the first transmission and the subsequent repetitions/retransmissions, respectively. In this case, even if gNB miss detected the first transmission, gNB may be able to derive the HARQ process ID if the 2nd repetition is successfully detected. To save the DMRS sequences for more multiplexed users, one alternative scheme is to constrain the ending of repetitions before the change of HARQ ID. In this case, the initial transmission can start at any time at the cost that the real number of repetitions may be less than K.
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. For the NDI determination in the UL Grant, one possible solution is the NDI can be set to fixed or pre-configured values for initial transmission and retransmission indications. 
Based on the discussion above, we have the following proposals.
Proposal 6: For UL transmission without grant, the HARQ process ID for a TB is determined according to time-frequency domain GF resource and the number of repetitions K. 
Proposal 7: For UL transmission without grant, different RS can be used to at least to differentiate the first transmission and subsequent repetitions for the same TB.
RV configuration/determination
Since the choice of RV is mainly determined by the soft combing performance based on specific channel coding design. The optimal choice of RV pattern may not be affected much by different UEs. Therefore, it is not necessary to configure the RV pattern to be UE specific. On the other hand, IR based soft combining can provide some performance advantage over CC at least for not very low code rate. However, CC has some advantage as RV0 is usually designed to be the RV which can be more easily decoded independently and no RV identification required. Therefore, it makes sense to support both CC (a fixed value, i.e., option 1-1) and IR (a fixed RV pattern, i.e., Option 1-2) for grant-free transmission.
In release 14 of LTE SPS, there is already a bit used to indicate within each configuration that whether a fixed RV value or a fixed RV pattern should be used. Similar field can be carried over to NR grant-free transmission.  
Proposal 8: For UL transmission without grant, whether to use fixed RV value or a RV pattern is configurable in RRC. 
HARQ feedback indication
For grant-free transmission, a HARQ-ACK indication is needed to serve as transmission acknowledgement of a TB. If a GF UE does not receive any feedback from gNB within a predefined period after a grant-free transmission, the GF UE may have no ideas whether gNB has miss-detected or successfully decoded the transmission data. Therefore, UE should not assume ACK if a NACK is not received after the K repetition as suggested by option 3-1. For a robust system design, if a UE does not receive any HARQ feedback or grant at a predefined timing or window, UE should assume the transmission has not been detected correctly. On the other hand, to reduce signaling overhead, the HARQ-ACK channel can be indicated by a group-common DCI, which saves signaling overhead in comparison with using UE specific UL grant as “ACK”. Detailed discussion on the HARQ operation and feedback can be found in [5].
Remaining details in RRC configuration
For Type 1, the following details are needed to be specified for RRC configuration. 
· The time/frequency/DMRS resource and MCS/TBS parameters can be finalized after the corresponding parameter format finalized in DCI. And such parameters should be configured in a per GF resource manner.
· HARQ related parameters such as the maximum number of HARQ processes, an offset to calculate HARQ ID if multiple GF resource configurations are supported.
For Type 2, the following details are still waited to be decided. 
· The configuration of number of repetitions K is to be down-selected from two options: 1) RRC signaling and 2) combination of RRC signals and L1 activation signals. Note that for sporadic small packets transmission, the channel measurement could not be in time or accurate all the time, so the adjustment of K does not need to be very fast. In such a sense, semi-static configuration of K via RRC signaling is good enough. Therefore, RRC signaling of repetition K is preferred.
For both Type 1 and Type 2,
· A different RNTI for grant-free RNTI has been agreed, e.g., GF-RNTI can also be configured in RRC, which can be grant-free type specific (i.e. GF-RNTI can be configured independently for type 1 and type 2 grant-free transmission), but can be shared by multiple GF resource configurations. 
· For the power control parameters, {, , RS type used for path loss estimation} should be configured in RRC for grant-free transmission and independently configured for Type 1 and Type 2. More discussion on power control can be found in [8]
· Waveform type should also be indicated in RRC. More detailed discussion on waveform indication can be found in Section 4.
· Hopping related parameters. UE specific frequency hopping should be supported to avoid persistent collision among different UEs.  Therefore, UE specific hopping parameter should be configured in RRC. For example, a unique UE index that is used to derive the resource hopping pattern can be signaled to the UE in RRC. 
· In addition, if multiple BWP can be active for a UE, then the BWP information may also need to be configured in RRC.  
Proposal 9: The following aspects of RRC configuration for UL transmission without UL grant should be further specified. 
· For both Type 1 and Type 2, dedicated RNTI for grant free transmission, at least  and  for power control, waveform type, need to be specified, FFS hopping related parameters and BWP related information.
· In addition, for Type 1, HARQ related parameters such as maximum number of HARQ processes and an HARQ ID offset are added.
· In addition, for Type 2, the repetition number K should be added.
Waveform indication
For grant based transmission and Type 2 UL transmission without grant, the uplink waveform indication is to be down-selected from three options: 1) DCI explicit/implicit signaling; 2) high layer (RRC/MAC CE) signaling;  3) follow RMSI for Msg3. And for Type1 UL transmission without grant, the uplink waveform indication is to be down-selected from two options: 1) UE specific RRC; or 2) follow RMSI for Msg3.
It is not preferable to use DCI signaling for this indication, considering the following facts:
· There are two types of DMRS with RRC configuration: type 1 with low PAPR and type 2 without low PAPR. DCI based waveform indication doesn’t make sense since the waveform indication should work together with DMRS types indication.
· From waveform switching perspective, dynamic switching is unnecessary since the waveform determination at network side is highly dependent on UE’s PHR report.  
· For implicit indication 
a) With MCS table, the MCS table has to be extended to capture two waveforms, which actually increase the DCI signaling overhead. From overhead perspective, it is even inferior to explicit 1 bit DCI indication. 
b) With DCI payload size, the UE blind detection complexity for PDCCH will be increased.
c) With search space where UL grant is detected, it will constrain the UL grant scheduling flexibility since the UL grant for DFT-s-OFDM has to be placed in some particular space.
Therefore, there is no motivation to apply DCI signaling for waveform indication, whatever explicit or implicit.
It is also not preferable to follow RMSI for Msg3 for waveform indication, since it actually doesn’t allow network to switch uplink waveform after UE accesses network, which violates the motivation of uplink hybrid waveform. 
Based on the above analysis, RRC signaling is the best way for uplink waveform indication. With RRC signaling, the grant free and grant based transmission can share a unified indication framework. The general procedure for UE uplink waveform is as follows,
1. UE follows waveform indication from RMSI for Msg 3.
2. UE follows waveform indication from UE specific RRC signaling for later uplink data transmission with and without grant.
Thus we have the following proposal：
Proposal 10: Waveform indication is explicitly configured by RRC signaling for both UL transmissions with and without UL grant.
UL transmission with SR/grant
To help reduce UL transmission latency for grant-based transmission, the transmission time duration as well as the periodicity of scheduling request (SR) and scheduling grant (SG) are expected are greatly reduced. SR with shorter periodicity within one slot was agreed in early meeting and in RAdN1#90, there is working assumption to allow extremely small SR periodicity of 1 symbol.
In the following, we’ll briefly check the feasibility and performance implication on SR with this working assumption. With the working assumption of the 1 symbol SR period, it implies that the short-PUCCH can be located at any OFDM symbol with periodicity equal to 1 OFDM symbol. 
Feasibility and readiness of the correlated channels
In the working assumption, it is conceptually possible to configure every OS to transmit short PUCCH. However, as described in previous agreements, the current short PUCCH is designed on slot-structure basis and to be transmitted around the last symbol(s) of the slot. If a mechanism of every OS can be configured as a short PUCCH SR opportunity, it is not clear how other channels are configured accordingly and how system works. A complete system design and mechanism should be in place before introducing such per-symbol based SR configuration. If a UE is configured to have SR opportunities every OS, how the UE’s other channels to be configured and multiplexed with SR need to be considered. 
Overhead
The overhead introduced by the short periodicity of SR (per symbol-level) can be very significant. A short periodicity of SR (e.g. 1 OS) means network needs to reserve RS resource every OS, which implies very large overhead for SR alone. In addition, the short-PUCCH based SR is likely to be multiplexed with HARQ-ACK for enabling fast feedback for the PDSCH with low latency, which further increases overhead. More detailed analysis of the overhead is discussed in [6].
[bookmark: OLE_LINK240][bookmark: OLE_LINK241]Coverage/reliability
[bookmark: OLE_LINK246][bookmark: OLE_LINK247]Although the reliability aspect is expected to be discussed later, it would be necessary to take it into account in advance to see if a feature can reach a relatively reasonable robustness. In the case of SR on one OFDM symbol, the coverage of the SR signal is obviously worse than LTE (14 symbols).  The coverage issue will make it very difficult to achieve the reliability for most of UEs with likely higher reliability requirement than normal. The reliability of SR is also affected by interference rejection capability. From link level evaluations for short PUCCH, the miss detection probability with 1 symbol and 1RB PUCCH with 4 multiplexed sequences is about 0.01, which is far from the requirement of URLLC transmission. 
Given the fundamental tradeoff between miss detection and false alarm, it is possible to reduce the miss detection probability by increasing the false alarm probability. However, increased false alarm means more UL grant will be sent for no purpose (0.1 false alarm rate means 10% more UL grant is sent for nothing), which causes high overhead and also possible chaos in UE behavior. Another alternative to improve the SR detection probability is to increase the length of the SR sequence, i.e., increasing the number of REs in frequency domain (e.g. use more than 1 RB in frequency domain) for the SR configuration. However it even further increases the resource overhead. And due to limited UL power sharing among different frequency resources the improvement could be limited. In fact, some optimization in the tradeoff of time domain SR duration and periodicity and frequency domain RB number could make the average latency even lower. Therefore, it would be good to keep the working assumption and do more investigation. 

Conclusions
In this contribution, we discuss the remaining issues of Type 1 and Type 2 grant-free design. Observations and proposals are given as follows.
Proposal 1: K repetitions should be performed on the explicitly configured GF resource, each corresponding to one transmission occasion. 
Proposal 2: Transmission duration for each transmission occasion is either slot based or mini-slot based, and the periodicity between transmission occasions is either N slots or N mini-slots, N>=1.
Proposal 3: For UL transmission without grant, at least a single periodicity parameter should be supported to configure the gap between two neighboring GF transmission occasions.
Proposal 4: K repetitions of a TB can be started at any configured GF transmission occasions. 
Proposal 5: For UL transmission without grant, multiple mini-slot based repetitions within a slot is supported. 
Proposal 6: For UL transmission without grant, the HARQ process ID for a TB is determined according to time-frequency domain GF resource and the number of repetitions K. 
Proposal 7: For UL transmission without grant, different RS can be used to at least to differentiate the first transmission and subsequent repetitions for the same TB.
Proposal 8: For UL transmission without grant, whether to use fixed RV value or a RV pattern is configurable in RRC. 
Proposal 9: The following aspects of RRC configuration for UL transmission without UL grant should be further specified. 
· For both Type 1 and Type 2, dedicated RNTI for grant free transmission, at least  and  for power control, waveform type, need to be specified, FFS hopping related parameters and BWP related information.
· In addition, for Type 1, HARQ related parameters such as maximum number of HARQ processes and an HARQ ID offset are added.
· In addition, for Type 2, the repetition number K should be added.
Proposal 10: Waveform indication is explicitly configured by RRC signaling for both UL transmissions with and without UL grant.
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Appendix A 
In RAN1 NR Adhoc #2, RAN 1 #89 and RAN 1 #90, RAN1 Adhoc #3, the following agreements on grant-free transmission were achieved for URLLC [1][2] 
Agreement in Adhoc #3
1. 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

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

1. 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

1. 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 

1. 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:
1. Confirm the Working assumption: Both DFT-S-OFDM and CP-OFDM are supported for UL transmission without grant.
1. It is not necessary to support Type 3 UL transmission without UL grant

1. 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).
1. 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
1. 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
1. 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.
1. 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 grant-free repetitions were achieved [3] [4]:
Agreements in RAN1 Ad Hoc:
1. For an UL transmission scheme with/without grant
13. 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
0. FFS the way K is determined
0. FFS: hopping mechanisms over the transmissions

Agreements in RAN1#88:
1. 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
14. If an UL grant is successfully received for a slot/mini-slot for the same TB
0. FFS: How to determine the grant is for the same TB
14. FFS: An acknowledgement/indication of successful receiving of that TB from gNB
14. The number of repetitions for that TB reaches K
14. FFS: Whether it is possible to determine if the grant is for the same TB
14. 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)
14. Note that other termination condition of repetition may apply
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As agreed earlier, NR supports two types of UL transmission without grant. For Type 1 grant-free transmission, the resource is configured in RRC without L1 activation. For Type 2 grant-free transmission, resource is configured by both RRC signaling and L1 signaling where L1 activation is required before transmission. We summarize the progress and remaining standard impact of both Type 1 and Type 2 study in Table B-1 and Table B-2 in this appendix. 
Table B-1: Remaining standard impact for Type 1 and Type 2 Grant-free in Rel-15 WI.
	Technical Aspects
	Type-1 Grant-free
	Type-2 Grant-free

	Resource Configuration
	RRC configuration
	Remaining RRC design
· The values of other agreed parameters
· HARQ related parameters
· Multiple resource configurations
	Remaining RRC design
· Details for all agreed parameters in RRC
· HARQ related parameters
· Multiple resource configurations in RRC

	
	DCI Indication
	No
	Remaining DCI design
· Details for all agreed parameters in DCI
· How to (de-)activate resource if multiple resources configured

	
	Not decided
	No
	Repetition number K to be purely RRC configured or joint RRC and DCI configured

	HARQ Related Operations
	RV determination
	Minor remaining RRC design or none
	Minor remaining RRC design and/or DCI design

	
	HARQ ID determination
	Minor remaining RRC design or DCI feedback design depending on the down selection of agreed options

	
	HARQ feedback indication
	Minor remaining RRC design or DCI design or both, depending on the adopted options



In the following, we organize the main progress of the two types of UL grant-free in the following four technical aspects in Table A-1. For each technical aspect, agreements from previous meetings are recorded in the columns of “Type 1 Grant-free” and “Type 2 Grant-free” with the original writing, and some remarks are given in the “Remarks” column. 
1. Fundamental concepts
· Including definitions of 2 types of grant-free transmission and their motivations/use cases, respectively
2. Resource configuration
· Including RRC configuration for both type 1 and type 2 and potential DCI indication for type 2
3. HARQ related operations
· Including K repetitions, RV versions, HARQ-ACK indication, HARQ process number, etc.
4. Others
· Including data structure, applicable waveforms, RNTI, TA adjustment, power control mechanism, etc.

Table B-2: Detailed summary and analysis table for the progress of both Type 1 and Type 2 Grant-free in Rel-15 WI up to now.
	Technical Aspects
	Type-1 Grant-free
	Type-2 Grant-free
	Remarks

	Resource Configuration
	RRC Configuration
	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
· An MCS/TBS value
· Number of repetitions K
· Power control related parameters
· FFS HARQ related parameters
· FFS if multiple resources can be configured
	The RRC (re-) configuration for resource and parameters includes at least the following
· Periodicity of a resource
· Power control related parameters
	· From resource configuration aspect, the standardization effort for Type 1 is less than Type 2 since it only relates to RRC signaling design, while Type 2 needs DCI design together with RRC configuration, and may introduce some change in DCI format/content compared with grant-based case. 
· For Type 1 case, all the parameters are configured by RRC and the parameter list has been sent to RAN2 in LS and all the agreed parameters have been included in the overall RRC parameter list under discussion led by Daniel from Ericsson.
· For Type 2 case, some parameters have not been decided where to configure/indicate yet, e.g., the repetition number K, etc. 
· Similarly, for the extension to multiple resources, the standard effort will be less for Type 1 since only RRC configuration is needed and more for Type 2 since how to activate multiple resources needs to be FFS.

	
	DCI Indication
	--
	At least the following additional parameters for the resource are given by L1 signalling
· Offset associated with the periodicity with respect to a timing reference indicated by L1 signalling for activation
· FFS: the timing reference 
· Time domain resource allocation 
· Frequency domain resource allocation 
· UE-specific DMRS configuration
· An MCS/TBS value
	

	
	Not decided where to configure
	--
	· 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
· FFS HARQ related parameters
· FFS if multiple resources can be configured
	

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



	Technical Aspects
	Type-1 Grant-free
	Type-2 Grant-free
	Remarks

	HARQ Related Operations
	K Repetitions
	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
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 progress in this aspect for both type 1 and type 2 are symmetric.

	
	RV versions
	Regarding the RV determination for K repetitions including the initial transmission, further study following options including possible down-selection
	· 

	
	
	· 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  
	· Option 1: Same as Type 1
· Option 2: Based on the L1 signaling

	· 

	
	HARQ-ACK Indication
	· 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”
	· 

	
	HARQ process number
	NR supports more than 1 HARQ process for UL transmission without grant
	· 



	Technical Aspects
	Type-1 Grant-free
	Type-2 Grant-free
	Observations/Remarks

	Others
	Data structure
	· For an UL transmission scheme without grant
· RS is transmitted together with data
· channel structure of grant-based data transmission can be starting point
· A UE shall not transmit anything on configured resources for UL transmission without UL grant when there is no transport block to transmit. 
· FFS: UCI piggybacking with transport block is supported for UL transmission without UL grant.
	· The progress in this aspect for both type 1 and type 2 are symmetric.
· For some sub-aspect, no extra work needed in Rel-15 WI since the same design in grant-based case can be re-used for both types of grant-free.

	
	Waveform
	Confirm the Working assumption: Both DFT-S-OFDM and CP-OFDM are supported for UL transmission without grant.
•	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 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
•	Aim to have the same solution as in the UL with grant case
	· 

	
	TA adjustment
	The same TA adjustment procedure/mechanism (including expiration of TA timer) is applied to UL transmission with and without UL grant.
	· 

	
	RNTI
	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.
	· 

	
	Power control mechanism
	For UL transmission without UL grant, 
· Open-loop power control based on pathloss estimate is supported.
· FFS: Closed-loop power control is supported, which is based on NW signaling.
	· 

	
	L1 signaling reliability
	--
	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).
	· 
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