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1 Introduction

The discussion on simultaneous PUSCH and PUCCH transmission from one UE has been deprioritized in NR Rel-15. By instead, NR supports UCI piggyback on PUSCH to accomplish simultaneous UCI and data transmission. However, until now, UCI piggyback on PUSCH is only feasible when PUCCH and PUSCH have the same starting symbol as well as time duration. With respect to partially overlapped PUCCH and PUSCH, the detailed solutions are still under discussion. In the last meeting, some proposals are summarized to deal with the case that PUSCH partially overlaps with PUCCH [1]. For easy review, these proposals are copied below.

      Proposal 10a: When PUCCH overlap with PUSCH with different starting symbol, if PUCCH starting symbol is earlier than PUSCH, transmit UCI in PUCCH and drop PUSCH; otherwise, transmit PUSCH and drop UCI and PUCCH. 
· FFS: how to handle low latency transmission (e.g. URLLC)
      Proposal 10b: When PUCCH overlap with PUSCH with different starting symbol, If PUSCH is not grant free transmission, transmit UCI in PUCCH and drop PUSCH; otherwise, transmit PUSCH and drop UCI and PUCCH.
· FFS: how to handle low latency transmission (e.g. URLLC) 
     Proposal 11: When the starting the symbol of PUCCH and PUSCH is the same, UCI is multiplexed on PUSCH, while PUCCH is not transmitted. 
· FFS: how to handle low latency transmission (e.g. URLLC)

In this contribution, we provide some further considerations and detailed solutions for partially overlapped PUCCH and PUSCH.
2 Priority rules for PUSCH with ultra-low latency services
To our understanding, what makes the problem complicated most is that UE may be not aware of the subsequent transmission. In such a case, UE must transmits the former channel and continues the transmission to the end. UE cannot interrupt the ongoing transmission and turns to the other one since this would destroy the channel structure and result in unexpected interference to other users. For example, if PUCCH with format 1 starts earlier than PUSCH, then stopping PUCCH may incur an interference to other UEs who transmit PUCCH on the same time-frequency resource with different time OCCs. 
However, although Proposal 10a and 11 are simple and effective, it may bring negative impact to UL traffic with ultra-low latency services, regardless if it is GB PUSCH or GF PUSCH. If a PUSCH starts later than PUCCH, according to proposal 10a, it will be dropped. This is unacceptable since the PUSCH then has to be postponed to the next transmission opportunity and the transmission would exceed the expected timeline in some cases. To this end, a method to guarantee PUSCH transmission with higher priority and drop PUCCH either completely or on the overlapping symbols is desired. This can be realized either in an implicit or an explicit way, and the detailed methods for GB and GF PUSCH are explained in detail as follows.
2.1 For GB PUSCH

Assuming the GB PUSCH is used for a ultra-low latency service, Fig. 1 shows two cases where PUCCH and PUSCH partially overlap with different starting symbols. As mentioned above, PUSCH  ultra-low latency should be transmitted with higher priority. Hence in Case 1, UE would transmits PUSCH first and continues the transmission to the end, while dropping PUCCH directly. In Case 2, if UE is aware of the subsequent  PUSCH transmission  for ultra-low latency service at the beginning of PUCCH, then it should directly drop PUCCH and transmits PUSCH only, as shown in Case 2-1. This is beneficial to guarantee the channel structure of PUCCH and avoid interference to other UEs if the PUCCH is of format 1. However, if UE is unaware of the subsequent PUSCH transmission for ultra-low latency service, it would transmit PUCCH first until the first overlapping symbol and then turns to transmit PUSCH to guarantee the ultra-low latency transmission.
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Fig.  1 GB PUSCH partially overlap with
At the gNB side, gNB allocates PUSCH resource for UL data according to the received SR configuration. That is, gNB is able to identify the latency and reliability requirements of the UL data to be sent through SR configuration. Then the remaining issue is how to indicate a PUSCH for ultra-low latency service or eMBB service. If a UE knows that PUSCH is for ultra-low latency service, it will transmit PUSCH with high priority and drops PUCCH either fully or partially on the overlapping symbols. Such indication could be dynamically informed by the gNB, either explicitly in DCI or implicitly linked to other parameters.
For example, when using implicit linkage to indicate ultra-low latency service, we can specify that if the scheduled MCS index is smaller than a prescribed threshold, or if the UCI payload or the ratio between UCI payload and UL-SCH is larger than a prescribed threshold, UE would transmit PUSCH while drop PUCCH fully or partly. However, such implicit indication may have some limitation and therefore an explicit method which indicates the scheduled PUSCH is a ultra-low latency service may be more appealing. For instance, one extra bit field can be added in UL grant to indicate whether UE should drop PUCCH and only transmits PUSCH. Alternatively, there are some other methods to achieve this purpose. For example, we can reserve one of the four beta-offset indicator values in UL grant, e.g., index ‘00’, and use this value to inform the UE to drop PUCCH and only transmits PUSCH without UCI piggyback. 

Since the data transmission/reception is greatly related to the successful reception of DCI especially for ultra-low latency service, compact DCI could be used to schedule URLLC with reduced payload of DCI and improved DCI reliability. For compact DCI, it is unfavorable to add an extra bit in UL grant to dynamically indicate UE to drop PUCCH. Similarly, the beta-offset indicator is also absent in compact DCI to reduce the DCI payload.  Thus, we cannot use the reserved value to implicitly indicate PUCCH dropping. In this case, it is better to directly drop PUCCH and transmits PUSCH when UL grant is a compact DCI. 

Proposal 1: UE should transmit PUSCH with higher priority and drop PUCCH either fully or partly when PUCCH and PUSCH partially overlap with different starting symbols, if the UL grant is compact DCI or the beta-offset indicator is a reserved value, e.g., ‘00’.
Note that if PUSCH is a URLLC service, it is often with small TB size (e.g., 32 bytes) and ultra-high reliability requirement (1e-5 or even 1e-6 target BLER). By contrast, both HARQ-ACK and CSI report can be very large, with a payload of up to several hundreds of bits, considering up to 16-cell carrier aggregation, flexible scheduling and large number of antenna deployment supported in NR. In this case, piggy-backing UCI with a large payload size on PUSCH will consume a large ratio of scheduled resources to bear UCI. As the result, the reliability of PUSCH will be greatly compromised due to insufficient resources and increased effective coding rate. To avoid this happening, we can extend the aforementioned method, i.e., indicating to the UE to transmit PUSCH and drop PUCCH, to cover the case of PUCCH and PUSCH having the same starting symbol. That is, even the UE is able to piggy-back UCI from PUCCH on PUSCH, it can still disable this function and only transmit PUSCH if it is indicated to do this. 

Furthermore, a more flexible design could also be considered, in which only certain types of UCI can be piggy-backed on the URLLC PUSCH when PUCCH and PUSCH have the same starting symbol. For example, HARQ-ACK is often of small payload size and is important for the DL transmission, and hence can be piggy-backed on URLLC PUSCH. Alternatively, we can further restrict that only HARQ-ACK with payload size smaller a threshold can be piggy-backed on URLLC PUSCH. Similarly, A-CSI on short PUCCH is also with small and fixed payload size and is beneficial to the link adaption for the next DL transmission [2]. Hence A-CSI on short PUCCH can be piggy-backed on URLLC PUSCH as well. In comparison, both P-CSI and SP-CSI is transmitted periodically and may be less significant, and hence should not be piggy-backed on URLLC PUSCH. 
Proposal 2: In case of PUCCH and PUSCH having the same starting symbol, UCI piggyback function should be restricted either fully or partially to guarantee the data reliability for URLLC if the UL grant is compact DCI or the beta-offset indicator is a reserved value, e.g., ‘00’.

· For full restriction, all types of UCIs cannot be piggy-backed on PUSCH,
· For partial restriction, only certain types of UCI, e.g., HARQ-ACK or A-CSI, can be piggy-backed on PUSCH.
2.2 For GF PUSCH

In GF transmission, the UE always knows where the GF resources are located as the GF resources are semi-statically configured by higher layer. In this case, when the UE has UCI to transmit, the UE is aware of whether the PUCCH resource is (partially) overlapped with the GF PUSCH resource. Although GF resource can be used to carry both ultra-low latency data and eMBB data, i.e., how to utilize the resource is not specified, GF PUSCH is originally designed to carry the services which have high requirements on both latency and reliability, e.g., ultra-low latency service. Therefore, when GF PUSCH overlaps with PUCCH, to guarantee a robust and low-latency uplink data transmission to meet the requirements, the UE behaviors on how to deal with the transmission of the GF PUSCH and the UCI should be carefully defined.
2.2.1 UCI piggyback on GF PUSCH

It is agreed that the UCI can be piggy-backed on GF PUSCH [3], and this should be supported at least when the PUCCH resource has a same starting symbol and time duration with the GF PUSCH resource. However, as UCI piggyback will degrade the performance of the PUSCH transmission, it is not good to always piggy-back the UCI on the GF PUSCH which often carries the ultra-low latency service. Considering the GF PUSCH transmission can be configured with K repetitions, the following options can be considered for the UE to determine whether to piggy-back the UCI on a certain GF PUSCH when the resources for the PUCCH and the GF PUSCH are exactly aligned:

· Option 1: If the GF PUSCH is associated with RV0, the UE determines not to piggy-back the UCI on the GF PUSCH. 
RV0 is a self-decodable RV and hence is more desirable to be successfully decoded. In this sense, UCI should not be piggy-backed on the GF PUSCH associated with RV0 to prevent decreasing the decoding probability.
· Option 2: If the transmission occasion (TO) for the GF PUSCH belongs to the first K/2 TOs within a period P, the UE determines not to piggyback the UCI on the GF PUSCH.

In GF transmission, K TOs are configured within a period P for the transmission of K repetitions of a TB. There will be benefits if the TB can be successfully decoded by a first several repetitions. Firstly, the low-latency transmission of the TB can be guaranteed. Secondly, the following repetitions can be omitted which saves the UE power and also reduces the interference to other UEs sharing the same T/F resources. In this sense, it is beneficial not to piggyback the UCI on the first several repetitions of a TB.
Proposal 3: In case of PUCCH and GF PUSCH for ultra-low latency service having the same starting symbol, the following options can be considered for the UE to determine whether to piggy-back the UCI on the GF PUSCH:
· Option1: If the GF PUSCH is associated with RV0, the UE determines not to piggy-back the UCI on the GF PUSCH,
· Option 2: If the transmission occasion (TO) for the GF PUSCH belongs to the first K/2 TOs within a period P, the UE determines not to piggy-back the UCI on the GF PUSCH.
On the other hand, as the UCI can vary from several bits to hundreds of bits, the UE also needs to determine what types of UCI to piggyback. In GF transmission, to improve the resource utilization efficiency, the amount of the reserved GF resources are usually well adapted to the packet size (e.g., tens of bytes level) of the service, which is not able to piggyback a large number of UCI bits. In this sense, to reduce the performance degradation of GF PUSCH and also considering the priority of difference UCI types as discussed in section 2.1, we propose to piggyback HARQ-ACK and A-CSI on short PUCCH on the GF PUSCH. 
Proposal 4: In case of PUCCH and GF PUSCH for ultra-low latency service having the same starting symbol, only certain types of UCI, e.g., HARQ-ACK or A-CSI, can be piggy-backed on GF PUSCH.
2.2.2 Dropping rule between PUSCH transmission and GF PUSCH transmission
When the UE has UCI to transmit and the PUCCH resource (partially) overlaps with the GF PUSCH resource, the UE can piggyback the UCI on the GF PUSCH as discussed in the above sub-section. In detail, when PUCCH and GF PUSCH have the same starting symbol, UE would only piggy-back certain types of UCI on GF PUSCH, and further drop the whole UCI when the GF PUSCH is associated with RV0 or belongs to the first K/2 TOs. With respect to the case PUCCH and GF PUSCH have different starting symbols, UE needs to drop either the PUCCH transmission or the GF PUSCH transmission as simultaneous transmission of PUCCH and PUSCH is not supported in NR. For the GF PUSCH carrying the applications with low-latency and high-reliability requirement, e.g., URLLC service, we propose to perform the GF PUSCH transmission and drop the PUCCH transmission either partly or fully as explained in Proposal 1 in this case. 

Proposal 5: In case that PUCCH partially overlaps with GF PUSCH while having different starting symbols, UE should transmit GF PUSCH with higher priority and drops PUCCH partly or fully.
3 Conclusion
In this contribution, further considerations on overlapped PUCCH and PUSCH are addressed. The following observation and proposals are reached.
Proposal 1: UE should transmit PUSCH with higher priority and drop PUCCH either fully or partly when PUCCH and PUSCH partially overlap with different starting symbols, if the UL grant is compact DCI or the beta-offset indicator is a reserved value, e.g., ‘00’.
Proposal 2: In case of PUCCH and PUSCH having the same starting symbol, UCI piggyback function should be restricted either fully or partially to guarantee the data reliability for URLLC if the UL grant is compact DCI or the beta-offset indicator is a reserved value, e.g., ‘00’.
· For full restriction, all types of UCIs cannot be piggy-backed on PUSCH,
· For partial restriction, only certain types of UCI, e.g., HARQ-ACK or A-CSI, can be piggy-backed on PUSCH.
Proposal 3: In case of PUCCH and GF PUSCH for ultra-low latency service having the same starting symbol, the following options can be considered for the UE to determine whether to piggy-back the UCI on the GF PUSCH:

· Option1: If the GF PUSCH is associated with RV0, the UE determines not to piggy-back the UCI on the GF PUSCH,
· Option 2: If the transmission occasion (TO) for the GF PUSCH belongs to the first K/2 TOs within a period P, the UE determines not to piggy-back the UCI on the GF PUSCH.
Proposal 4: In case of PUCCH and GF PUSCH for ultra-low latency service having the same starting symbol, only certain types of UCI, e.g., HARQ-ACK or A-CSI, can be piggy-backed on GF PUSCH.
Proposal 5: In case that PUCCH partially overlaps with GF PUSCH while having different starting symbols, UE should transmit GF PUSCH with higher priority and drops PUCCH partly or fully.
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