Page 1
3GPP TSG-RAN WG1 #96	R1-1903010
February 25th– March 1st, 2019
Athens, Greece

[bookmark: Source]Agenda item:	7.2.6.4
Source: 	Qualcomm Incorporated
Title: 	PHY-Layer Differentiation for Intra-UE Multiplexing 
[bookmark: DocumentFor]Document for:	Discussion/Decision
Introduction
During the R2#104 meeting, the issue of multiplexing and prioritization of colliding channels associated with eMBB and eURLLC served by the same UE was discussed. Several scenarios of interest are identified as summarized in [1]. A short list of these scenarios is given as follows:
· Scenario #1: Intra-UE DL Prioritization
· Scenario #2: Intra-UE UL Prioritization – Resource Conflict between Configured and Dynamic Grant
· Scenario #3: Intra-UE UL Prioritization – Resource Conflict between Dynamic Grants
· Scenario #4: Intra-UE UL Prioritization – Resource Conflict between Control Channel and Control Channel
· Scenario #5: Intra-UE UL Prioritization – Resource Conflict between Control Channel and Data Channel
· Scenario #6: Intra-UE UL Prioritization – CA-based Concurrent Transmission with Power Limitation
· Scenario #7: Intra-UE UL Prioritization – Power Control for Traffics with Different Priorities
In the subsequent section of this paper, we present some examples, related to some of the abovementioned scenarios, where introducing a PHY-layer differentiation for intra-UE multiplexing is needed.
Examples for Supporting PHY-Layer Differentiation 
In this section, we present four examples for the scenarios where the PHY-layer differentiation, i.e., setting the priority of the channels at the PHY-layer, is needed for UEs supporting services with difference requirements. 
PUSCH and PUCCH Collision
Consider the case where PDSCH1 and PDSCH2 and their associated PUCCHs are out of order on serving cell 1. Let us assume that the priority of the channels can be derived based on the scheduling timing. In particular, the second PDSCH for which the PUCCH carrying HARQ-ACK should be sent before the PUCCH of the first PDSCH has a higher priority. An illustration is shown in Figure 1. Then, the UE receives an UL grant on another cell, where its associated PUSCH overlaps with the higher priority PUCCH. At this point, since simultaneous transmission of PUCCH and PUSCH is not supported, the UE has to decide whether the HARQ-ACK bits planned to be sent on PUCCH can be piggybacked on PUSCH. Now, in general, if the PUSCH is associated with a low priority service such as eMBB, the URLLC HARQ-ACK should not be mapped onto it, otherwise, its required reliability cannot be met. Note also that although different beta factors can be used for HARQ-ACK mapping onto PUSCH carrying UL-SCH to control the coding rate, unless the UE knows the priority of the PUSCH, it cannot choose the right beta factor. 



Figure 1: PUSCH and PUCCH collision on different serving cells.

Dynamic PUSCH, GF-PUSCH and PUCCH Collision
Let us first consider the case where a dynamic PUSCH collides with a PUCCH transmission as shown in the figure below.
[image: cid:image004.png@01D4C524.D2FF7AC0]
Figure 2: PUCCH and PUSCH collision. Assuming that they are of the same priority, since the UCI multiplexing timeline is satisfied, HARQ-ACK can be piggybacked on PUSCH.
Assuming that the UE knows that the two channels have the same priority, given that the UCI multiplexing timeline is satisfied, HARQ-ACK can be piggybacked on PUSCH.
Now, assume that the same set of channels further collide with a GF-PUSCH resource as shown in Figure 3.


Figure 3: PUCCH+dynamic PUSCH+GF-PUSCH collision. In the absence of PHY-layer differentiation, MAC has to decide which of the two PUSCHs should be transmitted.
In the absence of the PHY-layer differentiation, the priority of the dynamic PUSCH and GF-PUSCH should be determined by the MAC layer, and based on the priority of the data that can be mapped to each of them. Performing the logical channel prioritization at MAC requires some time. Once the decision is made, the outcome can be exchanged with the PHY layer. Let us assume that the MAC resolves the conflict between the two PUSCHs at the point shown in the figure, and determines that the dynamic PUSCH is the winner. At this point, not only the UCI multiplexing timeline is not satisfied, but also the PUSCH preparation time is not sufficient. Instead, if the dynamic PUSCH priority is determined at the time of PDCCH decoding, and GF-PUSCH resources’ priority are defined based on the configuration itself, rather than the priority of the data mapped onto them, both timelines could have been met.
Constructing Multiple HARQ-ACK Codebooks
When a UE constructs two HARQ-ACK codebooks, it needs to know in which codebook the HARQ-ACK bit of a specific PDSCH should be included. One way to do this is to implicitly indicate the HARQ-ACK codebook, e.g., via the K1 granularity, through setting aside entries of the dl-DataToUL-ACK. However, this approach reduces the scheduling flexibility. The alternative, more desirable, approach is to indicate the priority of the PDSCH in the PHY-layer. 
Dropping the Processing of Low Priority Channels
[bookmark: _GoBack]As explained in [2] in details, one way to support the out-of-order operation is to allow the UE to drop the processing of the low priority channel in case some certain conditions are not satisfied. In order for the UE to manage its processing pipeline, dropping of the low priority channels on other serving cells may be allowed. In such a case, unless the priority of the channels are specified explicitly at the PHY-layer, the UE may stop processing of some of the high priority channels on the other cells.
Conclusion
[bookmark: _Ref450583331]Based on the examples given in this contribution paper, we propose that:
Proposal 1: For a Rel. 16 eURLLC UE supporting traffic types with different requirements, support a PHY-layer explicit differentiation to indicate the priority of different channels in both downlink and uplink.
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