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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
From RAN1 NR AdHoc #2 meeting [1], the following agreements were made in terms of characterization of the UE processing time. 
Agreements:
· For NR, RAN1 should consider the UE processing time(s) in terms of symbols (N1, N2) together with absolute time (in us), instead of slots (K)
· N1: the number of OFDM symbols required for UE processing from the end of NR-PDSCH reception to the earliest possible start of the corresponding ACK/NACK transmission from UE perspective.
· N2: the number of OFDM symbols required for UE processing from the end of NR-PDCCH containing the UL grant reception to the earliest possible start of the corresponding NR-PUSCH transmission from UE perspective.
· Note the timing advance is not included in N1 and N2
· FFS whether other aspects, e.g. UE UL/DL switching time, etc. are included in N1 and N2
· FFS between the following for each combination defined in the next slide
· Opt 1: UE reports N1 and N2 as UE capability
· Opt 2: Fixed values of N1 and N2
· UE is not expected transmit anything in uplink if the network set the values of K1 and/or K2 without leaving sufficient time for UE processing

More agreements related to value N1 and N2 were made since RAN1#86bis,
Agreements:
· For slot-based scheduling, NR specification should support the following
· DL data reception in slot N and corresponding acknowledgment in slot N+K1
· All UEs should support K1≥1 with exact values for K1 FFS
· Some UEs may support K1=0 (FFS conditions)
· UL assignment in slot N and corresponding uplink data transmission in slot N+K2
· All UEs should support K2≥1 with exact values for K2 FFS
· Some UEs may support K2=0 (FFS conditions)

In this contribution, more clarification on self-contain operation and its capability are provided in this contribution.
2. Discussions
[NRAH2-09] agreed to help converge upon the processing time requirements from UE perspective for NR, in response to the discussion in [4].
· Email discussion on the following
· Step 1: identify the candidate factors for processing time (until 4th Aug.)
· Step 2: identify the table (until 4th Aug.)
· Based on the proponents’ input for step 1 and step 2, following work will be done:
· Step 3: fill-in the table
· Targeting finishing step 3 until September meeting.
· Note: companies are encouraged to bring up initial numbers for the table to the August meeting
· Note: fill-in the table does not necessarily results in defining some UE capabilities or exact values of K1 and K2 in the specification.

2.1. Self-contained operations
According to the agreement, some UEs may support K1=0 or K2=0 (Figure 1a and 1b respectively). And according to the definition of UE processing time, it is defined in terms of number of symbols. Therefore, current agreement on UE processing time which are described in terms of slots can be updated. The following three cases (i.e. self-contain operations) are highlighted with the most critical UE processing time requirements. (Figure 1)
a) self-contained operation in a bi-directional slot with K1=0
b) self-contained operation in a bi-directional slot with K2=0
c) Immediate acknowledgement w/in next long uplink bursts
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Figure 1. use case of self-contained operation
2.2. 	Candidate factors for processing time
Several factors for UE processing time are listed as follows,
1) Maximum total number of information bits among transport blocks per slot across component carriers
· The more information bits processes in a slot, the more complexity/processing time UE needed. The value is related to many aspects, e.g. number of MIMO layers, modulation order and etc. It is suggested to have a set of different number of information bits which indicates different layers/QAM/… combinations.
2) Slot duration and SCS
· It relates to symbol duration and shall be considered.
3) Location of demodulation reference signal
· Two type of RS shall be considered, front-loaded DMRS and normal DMRS (may span across the whole data burst)
4) Timing advance of the uplink transmission
· It is agreed that timing advance is not included in N1 and N2
5) DL/UL switching time
· UE DL/UL switching time and UL/DL capability may be different considering several aspects. 
6) PDSCH/PUSCH RE mapping
· Time-first and frequency first mapping shall be considered.
7) NR-PDCCH blind decoding complexity
· The UE processing time is sensitive to the number of blind decoding of NR-PDCCH. UE PDCCH blind decoding capability should be defined in NR. And NR shall support flexibly configuring the number of blind decoding in order to tradeoff between blocking probability and decoding complexity.
It is agreed that (4) is not included in N1 and N2. The differences regarding different UEs’ DL/UL switching time may not be as great. Therefore it is proposed (5) is also not included when determining the UE processing times (N1,N2). 
For the remaining aspects, (1)(2)(3)(6)(7) should be considered when determining the UE processing times (N1,N2).With regards to DL and UL respectively, it is proposed that,
Proposal 2: The candidate factors when determining the UE processing times N1 are considered as follows,
· Slot duration and SCS
· Location of PDSCH demodulation reference signal
· PDSCH RE mapping
· Maximum total number of information bits among transport blocks per slot across component carriers
· [bookmark: _GoBack]NR-PDCCH blind decoding complexity, e.g., number of BDs in a slot/minislot
Proposal 3: The candidate factors when determining the UE processing times N2 are considered as follows,
· Slot duration and SCS
· Maximum total number of information bits among transport blocks per slot across component carriers
· NR-PDCCH blind decoding complexity, e.g., number of BDs in a slot/minislot
3. Conclusion
This contribution proposes the followings,
Proposal 1: the self-contained operation supports the following use cases,
a)	self-contained operation in a bi-directional slot with K1=0
b)	self-contained operation in a bi-directional slot with K2=0
c)	Immediate acknowledgement w/in next long uplink bursts
Proposal 2: The candidate factors when determining the UE processing times N1 are considered as follows,
· Slot duration and SCS
· Location of PDSCH demodulation reference signal
· PDSCH RE mapping
· Maximum total number of information bits among transport blocks per slot across component carriers
· NR-PDCCH blind decoding complexity, e.g., number of BDs in a slot/minislot
Proposal 3: The candidate factors when determining the UE processing times N2 are considered as follows,
· Slot duration and SCS
· Maximum total number of information bits among transport blocks per slot across component carriers
· NR-PDCCH blind decoding complexity, e.g., number of BDs in a slot/minislot
References
[1] [bookmark: _Ref490145132][bookmark: _Ref485343267]Chairman’s Notes, RAN1 NR Adhoc #2, Qingdao
[2] RP-161922 , “Work Item on shortened TTI and processing time for LTE”, Ericsson, RAN#73, New Orleans, September 19 - 22, 2016 
[3] [bookmark: _Ref485343772]Chairman’s Notes, RAN1# 89, Hangzhou
[4] [bookmark: _Ref490152041]R1-1711957, WF on Processing Time requirements, RAN1 NR AdHoc #2
1/3
image2.emf
Selft-contained operation

uplink

down-

link


image3.emf
downlink uplink downlink

Selft-contained operation


image1.emf
down-

link

Selft-contained operation

down-

link


