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Introduction
In last RAN1 meeting #87, there was discussion on multiplexing of eMBB and URLLC and following agreements were achieved [1]:
	Agreements:
· For DL, dynamic resource sharing between URLLC and eMBB is supported by transmitting URLLC scheduled traffic
· URLLC transmission may occur in resources scheduled for ongoing eMBB traffic



In this contribution, efficient frequency resource allocation for data traffic having short transmission duration (e.g. URLLC) is discussed for minimizing performance degradation of data traffic having long transmission duration (e.g. eMBB). Also, the remaining issue regarding data structure for pre-emption based multiplexing data with different transmission durations will be discussed with the following working assumption [2]:
	Working assumption:
· The structure of a data channel (PDSCH and PUSCH (if applicable)) including DMRS is independent from whether it is scheduled on resources that are preempting or not preempting another users data transmission.



Discussions
In this section, pre-emption based multiplexing data with different transmission durations is briefly described and then, pros and cons of resource allocation methods for data traffic having short transmission duration are also discussed. Finally, resource mapping rule will be dealt with as the remaining issue regarding data structure for pre-emption based multiplexing data with different transmission durations.
1.1 Preemption-based multiplexing data with different transmission durations
Pre-emption based multiplexing for data with different transmission durations was dealt with in the last RAN1 meetings for dynamic resource sharing among those things. As described in [3], when data traffic having short transmission duration (e.g. URLLC) is occurred during another data traffic having long transmission duration (e.g. eMBB), pre-emption based multiplexing scheme allows puncturing of data symbols having long transmission duration in the overlapped resource region with data having short transmission duration as shown in Figure 1. Here and henceforth, we use eMBB and URLLC as the representative examples of long and short transmission durations of the data, respectively. As evaluated in [4], if the eMBB receiver is not aware of its pre-empted resources, eMBB performance can be drastically degraded due to wrong received signals incurred by URLLC data. Therefore, in last RAN1 meetings, it is agreed that for DL, NR supports indication of time and/or frequency region of impacted eMBB resources to respective eMBB UE(s). However, even if the eMBB receiver is aware of its pre-empted resources via pre-emption indicator, eMBB performance can be still lower than no pre-emption case due to increase of effective code rate. Therefore, the best solution for minimizing eMBB performance degradation incurred by URLLC transmission is to minimize pre-empted eMBB resources.
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[bookmark: _Ref458018147]Figure 1: Example of pre-emption of eMBB data for URLLC.

1.2 Discussion on frequency resource allocation considering pre-emption based multiplexing data with different transmission durations
When data traffic having short transmission duration (e.g. URLLC) is occurred, data traffic having long transmission duration (e.g. eMBB) already occupies all or some parts of total RBs in most cases. Therefore, frequency resource allocation for data traffic having short transmission duration can be performed as following alternatives:
· Alt.1-1 : Frequency resource allocation regardless allocated resources of data traffic having long transmission duration
· Alt.1-2 : Frequency resource allocation considering allocated resources of data traffic having long transmission duration
URLLC frequency resource allocation based on Alt.1-1 is very simple, but eMBB performance can be significantly degraded since pre-empted eMBB resources can be quite large. Therefore, Alt.1-1 based frequency resource allocation methods are appropriate only for the case when eMBB data traffic occupies most of total RBs as shown in Figure 2.
However, as shown in Figure 3, eMBB data traffic can occupy some parts of total RBs especially when the number of active users in the cell is small and TB size of the scheduled UE is small. In this case, URLLC frequency resource allocation based on Alt.1-2 can dramatically improve eMBB performance compared with Alt.1-1 based methods. However, Alt.1-2 based frequency resource allocation methods can be more complex than Alt.1-1 based methods and efficient indication methods should be further studied.

Observation 1: For the case when eMBB data traffic occupies most of total RBs, URLLC frequency resource allocation based on Alt.1-1 can be appropriate.
Observation 2: For the case when eMBB data traffic occupies some parts of total RBs, URLLC frequency resource allocation based on Alt.1-2 can dramatically improve eMBB performance compared with Alt.1-1 based methods.
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Figure 2: Example of frequency resource allocation for URLLC.
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Figure 3: Example of frequency resource allocation for URLLC.

1.3 Discussion on resource mapping rules
In this subsection, it is discussed that data resource mapping concept in case of UE supporting long transmission duration (e.g., eMBB) and short transmission duration (e.g., URLLC). That is, it considers how to allocate URLLC resource pre-empting on eMBB resources by considering important resources such as DMRS.
The main purpose of the working assumption [2] is to make the same design of data structure between data for URLLC which is not pre-empting another users data transmission and data for URLLC which is preempting another users data transmission. Here, another users data will be eMBB UE, not URLLC UE. It needs to further consider in case that it makes the same design of data structure between data except URLLC which is not preempting another users data transmission (e.g., eMBB) and data for URLLC which is preempting another users data transmission. In the previous sentence, data except URLLC would be for eMBB or mm-wave or unlicensed. Accordingly, it would be preclude that data resources for URLLC are changed according to whether or not preempting another users transmission to avoid the situation in which at least resources for DMRS of preempted data transmission is not punctured by data resources for URLLC. It would be interpreted that the resource for DMRS can be punctured by URLLC data transmission and then this operation is entirely up to gNB implementation. That is, gNB can have a decision to schedule resources for URLLC by preempting DMRS for another user data transmission or not, for instance, by escaping URLLC resource allocation to symbols including DMRS for another user data transmission. 
One remaining thing has to be clarified at this time. That is as follows.
	· The structure of a data channel (PDSCH and PUSCH (if applicable)) including DMRS is independent from whether it is scheduled on resources that are preempting or not preempting its own data transmission.



The above sentence (Here, it is called Case A) seems to be similar with working assumption as explained before, except different preempting object. Working assumption expressed another users data transmission, meanwhile Case A showed its own data transmission. This situation can be sufficiently happened in case of UE supporting URLLC and eMBB at the same time. For example, gNB is able to schedule URLLC data for an UE to ongoing eMBB resources which was already allocated for the UE. Accordingly, it should be clarified the following question: is it still valid to use case A? In this case, two scenarios can be derived as follows. 
· Alt.2-1: gNB always does not puncture DMRS for eMBB data in case of pre-emption
· Alt.2-2: gNB always puncture DMRS for eMBB data in case of preemption
In case of Alt.2-1, it is meant that UE understands URLLC resource mapping which is being rate-matched without puncturing DMRS for (its own) eMBB data. It is simple and sufficiently possible approach due to no required additional indication (this is because preemption happens to the same UE), but existing working assumption cannot cover this operation. Accordingly, the wording of Case A can be expressed differently as follows. 
	· The structure of a data channel (PDSCH and PUSCH (if applicable)) including DMRS is dependent from whether it is scheduled on resources that are preempting or not preempting its own data transmission.



In case of Alt.2-2, UE understand URLLC resources mapping that are preempting DMRS for data as well as data. It is a similar approach with previous working assumption. Accordingly, the wording of Case A can be expressed including previous working assumption as follows.
	· The structure of a data channel (PDSCH and PUSCH (if applicable)) including DMRS is independent from whether it is scheduled on resources that are preempting or not preempting another users (its own) data transmission.



Observation 3: It needs to decide one between Alt.2-1 and Alt.2-2 for UE supporting both eMBB and URLLC.

Conclusions
In this contribution, efficient resource allocation for data traffic having short transmission duration (e.g. URLLC) is discussed for minimizing performance degradation of data traffic having long transmission duration (e.g. eMBB). It can be summarized as below.
Observation 1: For the case when eMBB data traffic occupies most of total RBs, URLLC frequency resource allocation based on Alt.1-1 can be appropriate.
Observation 2: For the case when eMBB data traffic occupies some parts of total RBs, URLLC frequency resource allocation based on Alt.1-2 can dramatically improve eMBB performance compared with Alt.1-1 based methods.
Observation 3: It needs to decide one between Alt.2-1 and Alt.2-2 for UE supporting both eMBB and URLLC.
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