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1 Introduction

In RAN1 #92 meeting, following agreements were achieved [1]: 

Agreements:
· Study the options to support dynamic resource sharing between eMBB UL and URLLC UL from different UEs (comparing with existing techniques)

· Option 1: eMBB UE cancels UL transmission when an indication is detected. Details to be discussed/clarified

· UE processing timeline for cancelation

· UE monitoring periodicity

· Group common or UE specific signalling (including the possibility to use eMBB scheduling DCI)

· reliability of indication

· Any impact due to timing advance

· Option 2: UL power control. URLLC UE transmits over the same resource with eMBB UE transmission. The transmission power for URLLC UL is boosted and/or transmission power for eMBB UL is reduced. Details need to be discussed/clarified

· Performance impact to eMBB/URLLC transmission

· How to signal the URLLC transmission power boosting

· How to signal the eMBB transmission power reduction after UL grant

· UE monitoring periodicity

· Processing timeline

· Feasibility of changing eMBB Tx power during the transmission 

· reliability of indication

· Any impact due to timing advance

· Other options including gNB receiver interference cancelation schemes are not precluded

· Aspects to be included in the study

· Processing timeline for grant-based procedure for URLLC in UL

· Applicability of the options to TDD and/or FDD can be studied

· Cases for GB-based & GF-based

This contribution is a revision of R1-1802885 and aspects of both dynamic and semi-static resource sharing are discussed. 
2 Discussion
When the URLLC UE is in the cell center area, the required reliability can be achieved by boosting the output power and there is no need for the eMBB UEs to reduce power so efficiency similar as DL is achievable. When the URLLC UE is in the cell edge area, boosting power may cause too much inter-cell interference which may impact the network level efficiency. Depending on the position of the URLLC UE in a cell, it is possible for the gNB to configure between dynamic or semi-static resource sharing. 
For URLLC UEs in the cell edge area, the reliability may be enhanced by either increasing the number of transmission repetitions or canceling the overlapping eMBB transmissions. Both options are discussed. 
2.1
Semi-static resource sharing

The number of repetitions may be limited by the latency; for instance, transmission with duration of two OFDM symbols cannot be repeated more than 7 times in a 14 symbols slot. When eMBB transmissions overlap with the potential URLLC transmissions, the URLLC UE can increase the number of repetitions to improve the reliability. According to the specs, a period with a number of transmission occasions is configured for the UE which may start transmitting in the middle of the period but has to stop by the end of the period. It may happen that the first received packet has a lower reliability than required due to not enough repetitions. An example is given in Figure 1, where the period has 6 OFDM symbols with 3 transmission occasions and each occasion has 2 OFDM symbols. Packet #1 arrives in the middle of a period; after some processing time, it is transmitted without repetition; and next period is used for another packet #2 of a different HARQ process. As expected, the reliability of packet #1 will be much lower than that of packet #2 and once it is not received correctly, the gNB may schedule this UE dedicated resources for retransmission with NACK indication. 
For a period with K transmission occasions, a packet can be transmitted K/2 times in average, and with the existing grant free transmission in R15, the gNB has to configure a bigger K than necessary to ensure a good reliability, which causes two drawbacks; one is the decreased efficiency from wasted overbooked resources and the other is the increased latency.  
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Figure 1: Existing grant free transmission.
Some proposed to not increase the value of K but use the normal HARQ procedure to improve the reliability. We see two additional drawbacks with such approach; the first one is the increased latency, especially in TDD mode, and the second one is the increased reliability requirement on the NACK indication. For the second issue, when packet #1 is less reliable, the corresponding NACK must be more reliable to achieve the target 10-5 reliability after retransmission. As a result, it requires a more robust DCI with more control signalling overhead. To mitigate the impacts of these two issues, the following solution as shown in Figure 2 can be considered. If the UE predicts that the remaining transmission occasions for repetitions are not enough, it can duplicate the corresponding TB before it is buffered. From L1 point of view, this packet is transmitted twice and at the gNB side, the duplicated packets are discarded in L2. It can be optional to duplicate other TBs.    
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Figure 2: Grant free transmission with TB duplication.
As shown in Figure 2, the reliability of packet #1 is enhanced and at the same time the latency is slightly increased. 
As a summary, we think that it is possible at least for URLLC UEs in the cell center area to share resources with eMBB UEs semi-statically; eMBB UEs transmit with normal power and URLLC UEs transmit with boosted power. The number of transmission repetitions can be increased to enlarge the cell center area and, at the same time, TB duplication can be used to solve the problem of unreliable first packet. 
Proposal 1: It is proposed to support TB duplication with grant free transmission for semi-static resource sharing. 

2.2
Dynamic resource sharing

In the cell edge area when power cannot be boosted and the number of repetitions cannot be further increased, the gNB can consider to cancel the overlapping eMBB transmissions. 
In case of grant-free URLLC UL transmissions, ideally it is expected that resources are used by eMBB UEs when it is not needed by URLLC UEs but when a resource is needed by a URLLC UE, it must be able to be canceled quickly from the eMBB UEs. In case of such inter-UE multiplexing, the gNB needs to know in advance when a resource is needed by a URLLC UE. An enhanced SR based solution was proposed in [1], where a dedicated SR is sent by a URLLC UE to the gNB before it starts to access the resource and the gNB can response to the SR with a DL indication to indicate which UE can access the resources as shown in Figure 3. 
[image: image3.png])

Packet
arrives

DL Indication

DL Indication

NN N NN NAN NN
,’II‘\\ //‘\ DL
. S 7N
S - S UL
’ S~ -
o 5o T ", ") <— Dedicated resources for SR
R - it N
SR Y Y

Configured resources for
data transmission





Figure 3: SR based UL multiplexing with different transmission durations.
UE-specific dedicated SR resources can be configured by the gNB to identify the UE so as there is no need to do blind detection of DMRS. However, dedicated SR resources need to be reserved for each URLLC UE in connected mode while they are only used sporadically; thus they are not used efficiently and can be further improved.  
As an alternative approach, a RACH-like channel can be considered for SR transmission. Multiple URLLC UEs can be configured to share the same set of SR resources based on contention, each URLLC UE can select a resource randomly to send the SR to the gNB, and the gNB can use the index of the detected resource to address the UE with the DL indication for access. Collisions happen when two or more URLLC UEs select the same sequence. The sequence pool size can be adjusted to mitigate the collision rate, and it can be determined according to a target collision rate and obviously a smaller pool is possible when a higher collision rate is acceptable. With this proposal, less SR resources need to be reserved and since SR resources are shared by different UEs, it cannot be used to identify a UE. It is assumed that the UE still needs to be identified with the transmitted DMRS. 
Proposal 2: It is proposed to enhance the SR and DL indication for dynamic resource sharing. 

Additionally, the aforementioned DL indication could also be used to dynamically cancel the relevant UL eMBB UEs’ transmissions to avoid interference. Some eMBB UEs may be scheduled by assuming the reserved resources for URLLC UEs will not be used and an eMBB UE uses all scheduled resources for the UL transmission unless a cancellation is indicated. 
Considering the short latency requirement of URLLC, it is expected that the UL transmission can start as soon as possible after the SR is sent. The cancellation indication should occur between the SR and the URLLC UL transmission, and the gap from the cancellation indication to the exact cancellation position of eMBB UL transmission is even smaller. Depending on the gap size, there could be several options for the eMBB UE to proceed, e.g., if the gap is big enough for the UE to reproduce the RF signals, it may do rate matching/puncturing around the reserved resource otherwise it may choose to cancel transmission in the overlapping period and optionally a remaining part of the slot too. 
Cancellation indication could be different from DL indication for URLLC access, and for the option that eMBB UE reproduces the RF signals or cancels transmission in the overlapping periods, the exact time/frequency resource for cancellation needs to be included. Without the resource clearly indicated, the UE may suspend the transmission of the whole band. More discussion can be found in next section. 
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Figure 4: eMBB UL transmission with cancellation indication.
As shown in Figure 4, after a SR is received from a URLLC UE, the gNB needs to first indicate the URLLC UE to start its transmission and second indicate relevant eMBB UEs (e.g., UE2 and UE3) to cancel their transmissions. The two indications could be in the same DCI or separate DCIs. Considering eMBB UEs are scheduled dynamically while resources for URLLC UEs are pre-configured and semi-static, it may happen that an eMBB UE’s transmission overlaps with reserved URLLC resources in some slots  but does not in other slots. In slots with no overlapping (this eMBB UE and any possible URLLC UE are FDMed), the eMBB UE (e.g., UE1) can skip monitoring of the cancellation indication which can help to save the UE power consumption. 
Additionally, there might be multiple resources in frequency domain reserved for URLLC UEs but in any slot, only a subset may be used. In that case, only eMBB UEs (e.g., UE2) whose resources overlap with the actual URLLC transmission need to cancel their transmissions and other UEs (e.g., UE3) do not need to. In that case, each eMBB UE needs to be addressed separately and their IDs can be included in one group common DCI. The number of eMBB UEs in connected mode might be big but the number of UEs scheduled in each slot normally is much smaller. Thus, it is more efficient to use a relative index among all scheduled UEs in the slot rather than a cell level ID like RNTI to address a UE. In the example of Figure 4, two UEs’ resources overlap with the pre-configured URLCC resources, so the relative index only needs to be 1-bit long. 

As a summary, when an eMBB UE is first scheduled, the gNB can indicate this UE in the UE specific DCI if it needs to monitor the cancellation indication or not and if it does not, it can skip the group common DCI for cancellation; and if it does, a temporary ID (called cancellation ID below) can be allocated which is valid only in the scheduled period. After that, before transmission in each slot, this UE needs to check if it is addressed for cancellation by detecting its cancellation ID. No cancellation ID detected means it can continue the scheduled transmission. Multiple cancellation IDs can be included in one group common DCI. Note that the cancellation ID is only valid in periods scheduled by the latest DCI and it may be updated with a different value by the next DCI. 
Proposal 3: It is proposed to support transmission cancellation for dynamic resource sharing.  
2.3
DCI of cancellation indication
Different from the pre-emption indication (PI) in DL, the cancellation indication (CI in short below) happens before the URLLC transmission in UL and considering the restricted latency, it is not realistic for the cancellation indication to cover a too long period such as a slot, but considering the eMBB UE power consumption, it is also not preferred to cover a too short period such as a mini-slot.  It is assumed that the CI needs to cover a period of half slot long. 
With a cancellation indication received, there could be several options for the eMBB behavior as shown in Figure 5 below.  For option 1, the eMBB UE needs to do rate matching or puncturing around the indicated URLLC resource; for option 2, the eMBB UE needs to cancel those symbols that overlap with the indicated URLLC resource; for option 3, the eMBB UE needs to cancel all overlapping and remaining symbols; for option 4, the eMBB UE needs to cancel all symbols in the current half slot. 
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Figure 5: eMBB UE cancellation options
For different options, different cancellation information needs to be indicated, T/F information for option 1, T information only for option 2 and option 3, and neither for option 4. Option 1 requires more processing time while option 3 and option 4 are not efficient for eMBB performance. With option 2 assumed, CI could be indicated similarly as DL PI and a bitmap can be included to indicate which symbols need to be canceled. The number of bits depends on the expected granularity, for instance, 7 bits for one-symbol granularity and 3 bits for two-symbol granularity. Option 2 has no frequency domain information included, and corresponding CI can be monitored by eMBB UEs with different BWPs so it is better to be carried by a group common DCI. 
As discussed above, if an eMBB UE monitors the CI but has no overlapping resource with the indicated URLLC transmission, it doesn’t needs to cancel its transmission. So the CI can further indicate which UE(s) needs to cancel transmission and a bitmap based on the cancellation ID can be used.  
Similar as DL PI, one CI DCI can include multiple cells’ CIs and the gNB can configure the mapping between each serving cell and the CI field within the DCI and a monitoring periodicity can be configured too. A RNTI different from or same as INT-RNTI can be used but if it is same, a format indicator is required to differentiate. 
Proposal 4: It is proposed to support the cancellation indication in a group common DCI as for DL PI and it can be considered at least to include indications about which symbols need to be cancelled and about who needs to do the cancellation.    
3 Conclusions
Multiple aspects of UL multiplexing with different transmission durations were discussed and based on our discussion, we have the following proposals:  

Proposal 1: It is proposed to support TB duplication with grant free transmission for semi-static resource sharing. 

Proposal 2: It is proposed to enhance the SR-response procedure for dynamic resource sharing. 

Proposal 3: It is proposed to support transmission cancellation for dynamic resource sharing.  

Proposal 4: It is proposed to support the cancellation indication in a group common DCI as for DL PI and it can be considered at least to include indications about which symbols need to be cancelled and about who needs to do the cancellation.    
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