
Page 4
Draft prETS 300 ???: Month YYYY

3GPP TSG-RAN WG2 #98	Tdoc R2-1704413
Hangzhou, P.R. of China, 15th – 19th May 2017

Agenda Item:	10.3.1.6
Source:	Ericsson
Title:	UL intra-UE puncturing
Document for:	Discussion

[bookmark: _Ref462817227]Introduction
NR should support different types of services having different latency requirements and/or data priorities e.g. URLLC [1]. This is achieved by supporting different transmission durations, i.e., mini-slot or slot transmission. Dynamic multiplexing of different transmission durations should be supported within the same time and/or frequency resources. The advantage associated to dynamic multiplexing is better resource sharing and utilization among data traffic with different latency requirements and/or priorities. 
Prioritization of the mini-slot based transmission over slot-based transmission may lead to the need of puncturing the on-going slot transmissions with mini-slot. For the puncturing in UL, we can further separate between two clear cases: (1) mini-slot data from UE1 punctures slot data from UE1 (intra-UE puncturing) and, (2) mini-slot data from UE1 punctures slot data from UE2 (inter-UE puncturing). 
In this contribution, we discuss the RAN2 implications for the 1st case i.e. intra-UE puncturing. 
[bookmark: _Toc481868225]In UL Intra-UE puncturing, UE interrupts is own slot-transmission for a mini-slot transmission.
The focus of this contribution is to clarify the HARQ procedures for the slot-transmison in UL intra-UE puncturing. Details on inter-UE puncturing can be found in the companion contribution [2].
Discussion
HARQ considerations for intra-UE UL puncturing
Upon receiving the mini-slot transmission in the region where the slot-transmission is scheduled, gNB is aware that a puncturing happens for this UE by blind detection for mini-slot data. This also implies that the UE needs to retransmit the punctured slot-level data. If there are no configured uplink resources available for the UE, the gNB schedules uplink resources to allow the UE to retransmit the slot level data (or optionally only the corrupted part of slot-data) as illustrated in Figure 1. Such behaviour is standard operation and requires further study. The problem is that the retranmissions based on the HARQ feedback, i.e.when the feedback is NACK and it is already know not the gNB because of the puncturing, takes unnecessarily longer time to be able to decode the slot-level data by soft combining.
[image: ]
[bookmark: _Ref473645165]Figure 1: UL HARQ retransmission where the gNB schedules UL resources only for retransmission of the corrupted punctured bits.
If there are configured SPS uplink resources available for the UE, then UE could use this SPS UL resource to retransmit the missing slot-level data. Note that in this case, the SPS resources are configured in mini-slot level and the slot transmission is dynamically allocated. As stated above, the overlap is allowed because the mini-slot level SPS may be configured for sporadic and infrequent, but high-priority service such as URLLC data. The purpose of the overlap is to have an efficient resource sharing. 
However, complications arise on how the gNB can determine whether the transport block sent on this SPS UL resource belongs to a new mini-slot transmission or an old transmission. Unlike LTE, only asynchronous HARQ operation is supported in NR UL. Hence, when SPS is used for retransmissions of slot-level transmissions, the gNB would not know which HARQ process the transmission belongs to.
[bookmark: _Toc481868226]When SPS UL is used for retransmissions of grant-based slot-transmissions, the gNB cannot know which HARQ process it is.
One possible solution to this is that the UE indicates the HARQ process ID in the SPS transmission of the punctured slot-level data. This way, the gNB knows which HARQ process it belongs to and can append it to the punctured process.
This is shown in Figure 2. Note that at this point, the UE’s ID is known to the gNB and the gNB knows whether there are any configured UL resources available for the UE to perform SPS UL transmissions. 
[image: ]
Figure 2: UL HARQ retransmission where SPS UL resources are utilized to retransmit the punctured slot-level data including HARQ process ID
[bookmark: _Toc481868227]There are two potential ways for retransmission of the punctured slot-level data:
i. [bookmark: _Toc481868228]UE receives a dynamic grant with UL resources from the gNB, which requires no further standardization.
ii. [bookmark: _Toc481868229]UE utilizes configured uplink resources (SPS UL) to retransmit the slot-level data and the HARQ process ID.
We think it is worth pursuing the second option as this allows for a quicker retransmission of the slot-level data. We also acknowledge that the indication of the HARQ process ID has to be done in layer 1 signalling and therefore must be decided in RAN1. Nevertheless, we think this function is beneficial from a RAN2 point of view.
[bookmark: _Toc478108533][bookmark: _Toc478148626][bookmark: _Toc481868230][bookmark: _GoBack]RAN2 sees it as beneficial to support retransmission of slot-level data on mini-slot SPS UL resources and notes that the HARQ process ID must be included in L1 signalling.
Conclusion
In section 2 we made the following observations:
Observation 1	In UL Intra-UE puncturing, UE interrupts is own slot-transmission for a mini-slot transmission.
Observation 2	When SPS UL is used for retransmissions of grant-based slot-transmissions, the gNB cannot know which HARQ process it is.
Observation 3	There are two potential ways for retransmission of the punctured slot-level data:
i.	UE receives a dynamic grant with UL resources from the gNB, which requires no further standardization.
ii.	UE utilizes configured uplink resources (SPS UL) to retransmit the slot-level data and the HARQ process ID.

Based on the discussion above, we propose the following:
Proposal 1	RAN2 sees it as beneficial to support retransmission of slot-level data on mini-slot SPS UL resources and notes that the HARQ process ID must be included in L1 signalling.
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