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1. Introduction 

In RAN1 #91 meeting, regarding UL transmission without grant, following agreements were made [1].
	Agreements:
· For grant-free UL transmission, the UE is not expected to be configured with the time duration for the transmission of K repetitions larger than the time duration derived by the periodicity P. 

Agreements:

· Activation and deactivation signaling for Type 2 UL transmission without UL grant/DL SPS is differentiated by different values of two fields in the DCI.

· FFS details.

Agreements:
· For UL transmission without UL grant,
· The n-th transmission occasion of a K repetitions is associated with the (mod(n-1,4)+1)-th value in the configured RV sequence {RV1, RV2, RV3, RV4}, where n=1, 2, …, K.
· For RV sequence {0, 2, 3, 1},
· The initial transmission of a TB shall start at the first transmission occasion of the K repetitions.
· For RV sequence {0, 3, 0, 3},
· The initial transmission of a TB can start at any of the transmission occasions of the K repetitions that are associated with RV=0.
· (working assumption) For RV sequence {0, 0, 0, 0},
· The initial transmission of a TB can start at any of the transmission occasions of the K repetitions when K=1, 2 or 4;
· The initial transmission of a TB can start at any of the transmission occasions of the K repetitions, except the last transmission occasion when K=8.
· For any RV sequence, repetition end at the last transmission occasion within the period P.
· Note: The transmission occasion (TO) refers to the time domain resource allocation of one repetition in an aggregation with factor K where the aggregated transmission occasions start in resources configured by the offset and the period.
· FFS: interaction with SFI



In this contribution, we provide our views on the remaining issues on UL data transmission without grant. This contribution is revised from R1-1719796.
2. Remaining issues on UL transmission without grant
2.1. Configuration of repetitions
As agreements given above, a UE shall start the initial transmission of a TB at the first transmission occasion of the K repetitions when RV sequence {0, 2, 3, 1} is configured. In this case, UE always has chance to transmit K repetitions regardless of the packet arrival time. This is useful to ensure the reliability with the cost of latency. To meeting the requirement of low latency, a UE can be configured with RV sequence {0, 0, 0, 0} such that UE can start the initial transmission of a TB at any of the transmission occasions of the K repetitions when K is less than 8. However, UE needs to terminate the repetition of a TB at the last transmission occasion within the period P, regardless of the start occasion of the initial transmission. In this case, low latency can be achieved by flexible starting occasion while reliability cannot be guaranteed. For example, a TB starting from the third transmission occasion of period P could only repeat for 2 repetitions when assuming K=4. 
For URLLC traffic, both low latency and high reliability need to be satisfied. Therefore, it is beneficial for a UE to repeat always for K repetitions for a TB regardless of the starting occasion of the TB. One concern is that the HARQ process ID may be confused for K repetitions when K repetitions is crossing two different periods of transmission occasions. According to current agreement, HARQ process IDs for K transmission occasions within the period P are the same. Especially when the first repetitions of a TB are not detected, there will be mistake of the HARQ ID determination between gNB and UE. 
One possible solution is that the HARQ ID for K repetitions is determined based on the starting occasion of the initial transmission of a TB. If a UE repeat K repetitions across two periods of transmission occasions, the HARQ ID of repetitions should follow the HARQ ID derived from the starting occasion of initial transmission. There may be one issue when the initial transmission of a TB is not detected. In such case, it is necessary to distinguish the initial transmission in the first period of P and the repetitions within the next period. One possible method is to distinguish by different frequency resource by applying different frequency resource offsets for each repetition as shown in Figure 1.
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Figure 1: Example of different resources for initial transmission and each repetition
Proposal 1: For UL transmission without grant, a UE may repeat always for K repetitions for a TB.

· HARQ ID of repetitions should follow the HARQ ID derived from the starting occasion of initial transmission.

· Initial transmission and repetitions of a TB are differentiated by different transmission frequency resources
2.2. Handling of collision of grant-based and grant-free transmission
For a UE, there can be different services targeting different QoS at the same time. For example, for URLLC service, the URLLC data needs to be transmitted using UL grant-free resources to satisfy latency requirement. While for other service with latency tolerance, grant-based resources scheduled by gNB is used. However, when scheduling a grant-based transmission, gNB is no aware of when the URLLC data with high priority will be transmitted on the grant-free resources. 

After receiving an UL grant scheduling eMBB data transmission, a URLLC packet may arrive and UE needs to determine on which resources it will transmit the data. To satisfy the latency and reliability of URLLC service, it is reasonable to prioritize URLLC data transmission. Regarding the resources using for URLLC data transmission, there are following options
· Option 1: UE prioritizes URLLC data transmission on UL grant-free resources and drops eMBB data transmission on grant-based resources

· Option 2: UE prioritizes URLLC data transmission on grant-based resources and drops eMBB data transmission.

For UL grant-free resources, a low MCS level is configured to ensure robust data decoding. If a high MCS is scheduled for grant-based transmission, reliability requirement may not be satisfied to transmit the high priority service using grant-based resources. Therefore, option 1 is preferred to ensure URLLC data transmission. On the other hand, if latency and reliability requirements on grant-based resources can be met, option 2 can be used due to no collision from other UEs on grant-based resources. 

However, there may one issue when UL grant-free transmission resources and grant-based resources are within different UL BWP. If UE prioritizes UL grant-free transmission occasion for URLLC data in a different UL BWP from the UL BWP for eMBB data transmission, the retuning time to switch the active UL BWP should be also considered. If there is no sufficient retuning time for UL BWP switching before end of eMBB transmission, a UE may need to transmit its URLLC transmission on grant-based resources or delay URLLC data transmission.
Proposal 2: For a UE multiplexing of grant-based and grant-free transmission, UE should prioritize URLLC data transmission using grant-free resources or grant-based resources.
2.3. UCI piggyback on PUSCH of UL grant-free transmission 
UL grant-free resources are preconfigured or indicated semi-statically by gNB. Especially when UL grant-free resources are used for sporadic and low latency service, e.g. URLLC, gNB cannot predict there is a UL grant-free transmission when scheduling the eMBB data transmission. Therefore, HARQ-ACK for DL data and CSI report may collide with UL grant-free transmission.

For grant-based transmission, UCI can be piggybacked on the UL grant-based PUSCH, where the mapping resources and coding rate are configured by higher layer. For grant-free transmission, similar solution can be considered. Since UL grant-free resources are used for high priority service, it should be common understanding that performance of UL grant-free data transmission needs to be ensured even when UCI is piggybacked on UL grant-free data. Therefore, the beta offsets for UCI multiplexing on PUSCH of UL grant-free transmission need to be configured separately.

Similar to grant-based transmission, priority rules for UCI piggybacked on PUSCH of UL grant-free transmission should be defined. For UCI multiplexing on grant-free PUSCH, HARQ-ACK needs to be prioritized. On the other hand, CSI report may be partially or fully dropped if collision happens. The amount of UCI bits multiplexed on grant-free PUSCH should be limited aiming to avoid performance degradation of data transmission. The total allowable amount of UCI bits on grant-free PUSCH can be implicitly configured or derived by the number of allocated resources for UCI multiplexing. If size of UCI exceeds the maximum number of bits to be multiplexed on grant-free PUSCH, prioritization of UCI multiplexing should be applied as discussed above.
Another question is how to multiplex UCI on UL grant-free PUSCH. Either puncturing or rate-matching can be considered. However, performance of grant-free PUSCH transmission may be affected when UCI puncturing is applied. Therefore, as mentioned, UCI puncturing on grant-free PUSCH should be limited. For UCI with larger payload size, rate-matching on grant-free PUSCH can be considered. However, since resources used for mapping UCI need to be reserved in grant-free PUSCH, it may reduce the amount the available resources for data. Besides, for rate-matching case, UE needs time to process the data and multiplexed UCI before grant-free data transmission. Therefore, further discussion is needed on UCI rate-matching on grant-free PUSCH.

which may not be sufficient. This is because grant-free transmission is used for low latency data transmission and the preparation time for the low latency data could be very short. It is difficult for UE to process rate-matching of UCI on grant-free PUSCH within such limited processing time. Therefore, UCI puncturing on grant-free PUSCH is preferred.
Proposal 3: UCI piggyback on PUSCH of UL grant-free transmission is supported.
· Beta offsets for UCI multiplexing on PUSCH of UL grant-free transmission should be configured separately.
· HARQ-ACK bits should be prioritized to multiplexing on PUSCH of UL grant-free transmission.

· The amount of UCI bits multiplexed on grant-free PUSCH can be predefined or configurable.
· UCI puncturing on PUSCH of UL grant-free transmission is supported. FFS UCI rate-matching.
2.4. Activation and deactivation for Type 2 
For type 2 UL grant-free, activation and deactivation DCI with CS-RNTI should be distinguishable. As agreed, two fields in the DCI with CS-RNTI are used to differentiate activation and deactivation DCI. In LTE UL SPS, there are some fields in DCI for validation of activation and deactivation for SPS, e.g. TPC command for scheduled PUSCH, cyclic shift DMRS, MCS, RV, and RA field. Among these, MCS/RV and RA fields are all set to “1” for a deactivation DCI, while RA and MCS/RV (with MSB set to “0”) fields in activation DCI are used to indicate the RA and MCS assigned to UL SPS PUSCH. Similarly, for type 2 UL grant-free/SPS, RA and MCS fields in DCI scrambled with CS-RNTI can be used to differentiate activation and deactivation signaling. 
Proposal 4: For type 2 UL grant-free/SPS, activation and deactivation signalling can be differentiated based on the similar solution in LTE UL SPS.
3. Conclusion

In this contribution, we discussed design and related procedure for UL transmission with or without grant. The proposals are summarized below.
Proposal 1: For UL transmission without grant, a UE may repeat always for K repetitions for a TB.

· HARQ ID of repetitions should follow the HARQ ID derived from the starting occasion of initial transmission.

· Initial transmission and repetitions of a TB are differentiated by different transmission frequency resources
Proposal 2: For a UE multiplexing of grant-based and grant-free transmission, UE should prioritize URLLC data transmission using grant-free resources or grant-based resources.

Proposal 3: UCI piggyback on PUSCH of UL grant-free transmission is supported.
· Beta offsets for UCI multiplexing on PUSCH of UL grant-free transmission should be configured separately.
· HARQ-ACK bits should be prioritized to multiplexing on PUSCH of UL grant-free transmission.

· The amount of UCI bits multiplexed on grant-free PUSCH can be predefined or configurable.

· UCI puncturing on PUSCH of UL grant-free transmission is supported. FFS UCI rate-matching.

Proposal 4: For type 2 UL grant-free/SPS, activation and deactivation signalling can be differentiated based on the similar solution in LTE UL SPS.
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6.1.2.3
Resource allocation for uplink transmission without grant

For UL transmission without grant, PUSCH resource allocation is either semi-statically configured by higher layers or indicated by a DCI.
For a UE configured with UL-TWG-type1, 

-
the resource allocation follows the received configuration according to [38.321];
-
the row index of an RRC configured table [pusch-symbolAllocation] is determined by the higher layer parameter UL-TWG-tim-dom.

-
the IMCS is provided by higher layer parameter UL-TWG-MCS-TBS, and rv is determined based on the procedure in Subclause 6.1.2.3.

-
number of DMRS CDM groups, DMRS ports, and number of front-loaded symbols are determined as in Subclause 7.3.1.1 of [5, TS 38.212], and the antenna port value is provided by UL-TWG-DMRS.

For a UE configured with UL-TWG-type2, 
-
the resource allocation follows the received configuration and an UL grant for activation on a DCI according to [38.321].






The UE shall not transmit anything on the resources configured by UL-TWG-type1 or UL-TWG-type2 if the higher layers did not deliver a TB to transmit on the resources allocated for uplink transmission without grant.

A set of allowed periodicities P are defined in table 6.1.2.3-1. 

Table 6.1.2.3-1: Allowed periodicities P for uplink transmission without grant
	
[image: image2.wmf]m


	CP
	Possible values of periodicities P [symbols]

	0
	Normal
	2, 7, n*14, where n={1, 2, 5, 10, 20, 32, 40, 64, 80, 128, 160, 320, 640}

	1
	Normal
	2, 7, n*14, where n={1, 2, 4, 10, 20, 40, 64, 80, 128, 160, 256, 320, 640, 1280}

	2
	Normal
	2, 7, n*14, where n={1, 2, 4, 8, 20, 40, 80, 128, 160, 256, 320, 512, 640, 1280, 2560}

	2
	Extended
	2, 6, n*12, where n={1, 2, 4, 8, 20, 40, 80, 128, 160, 256, 320, 512, 640, 1280, 2560}

	3
	Normal
	2, 7, n*14, where n={1, 2, 4, 8, 16, 40, 80, 160, 256, 320, 512, 640, 1024, 1280, 2560, 5120}


For a UE configured with UL-TWG-type1 or UL-TWG-type2, the RRC-configured parameter UL-TWG-repK and UL-TWG-RV-rep define the K repetitions to be applied to the transmitted TB, and the redundancy version pattern to be applied to the repetitions. For the nth transmission occasion among K repetitions, n=1, 2, …, K, it is associated with (mod(n-1,4)+1)th value in the configured RV sequence. The initial transmission of a TB may start at 

-
the first transmission occasion of the K repetitions if the configured RV sequence is {0,2,3,1},

-
any of the transmission occasions of the K repetitions that are associated with RV=0 if the configured RV sequence is {0,3,0,3},

-
any of the transmission occasions of the K repetitions if the configured RV sequence is {0,0,0,0}, except the last transmission occasion when K=8. 

For a UE configured with UL-TWG-type1 or UL-TWG-type2 with any RV sequence, the UE shall terminate the repetitions upon each of following conditions is met, whichever is reach first.

-
after transmitting K repetitions, or,

-
at the last transmission occasion among the K repetitions within the period P, or,

-
if DCI scrambled with CS-RNTI scheduling a retransmission is detected during K repetitions.
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