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Introduction
In RAN#71, the technology study item for 5G new RAT (NR) has been approved [1]. One important aspect is the channel coding design to meet new requirements from new service verticals in 5G. In RAN#86, outer erasure code was presented and discussed. It is crucial to support efficient multiplexing of eMBB and URLLC services in the same carrier to maximize system capacity for both services and make optimal use of time-frequency resources. 

In RAN1-86 Chairman’s Notes, the agreements on the way-forward of supporting URLLC in NR are:
· At least the following potential options should be considered
· At least for shorter transmission UL, semi-static resource sharing between URLLC and eMBB
· FDM and/or TDM manner
· UL grant-free transmission for URLLC
· Other schemes are not precluded
· Dynamic resource sharing between URLLC and eMBB
· For DL, mechanisms to schedule a transmission where the resources of it can overlap with resources of ongoing/scheduled longer transmission at least from network perspective
· FFS: A similar or same mechanism applicability to UL
· Preemption or superposition
· Other schemes are not precluded 
· Scheduling based approaches (e.g., by adapting transmission duration or by using different subbands) to allow multiplexing of different durations of transmission
· UL grant-free transmission for URLLC
· Other schemes are not precluded
· Other mechanisms are not precluded

To summarize, three approaches are proposed for DL:
1) Semi-static resource sharing between eMBB and URLLC
2) Dynamic resource sharing between eMBB and URLLC via URLLC puncturing (pre-emption) or superposing upon ongoing eMBB data
3) Dynamic resource sharing between eMBB and URLLC via 
a. Adapting eMBB transmission duration to URLLC transmission duration to facilitate scheduling
b. URLLC avoiding/rate-matching around eMBB traffic

These schemes are studied extensively in [5] and it is concluded that scheme 1) and 3) are not efficient and/or practical feasible for eMBB and URLLC multiplexing. The following proposals are made:
Proposal 1: URLLC services should use short transmission duration to meet the latency requirement, and eMBB services should use long transmission duration to maximize system capacity.
Proposal 2: NR should consider dynamic multiplexing of eMBB and URLLC services in both FDM and TDM fashion over the system bandwidth.


Figure 1: An example of dynamic eMBB and URLLC multiplexing
In order to support dynamic multiplexing between eMBB and URLLC multiplexing, bursty puncturing/error recovery scheme needs to be in place to recover the punctured part of eMBB for URLLC multiplexing.
Proposal 1: Adopt outer erasure code for NR URLLC and eMBB multiplexing.
In this contribution, we further study some details of outer erasure coding and its interaction with HARQ, performance evaluation and also proposals for release 15 NR.
Outer erasure code design for bursty puncturing handling
The way outer erasure code works is to code across all data code blocks and generate parity code blocks which could protect data code blocks from bursty interference and/or puncturing.
One key here is that each CB is protected by PHY coding (LDPC/Turbo) and some error detection overhead such as CRC (as needed). Whenever one CB decoding fails, these bits are known to be erased instead of code bit errors that are unknown. Thanks to the PHY coding/CRC, which marks the erased CB location, erasure decoding could be used to recover these failed CBs.
One example of outer erasure code based on single parity check code is shown in Figure 2.
Encoding of single parity check code:
C_6 = C_0 + C_1 + … + C_5
Decoding of single parity check code (to recover 1 CB erasure):
Any data CB C_i that is hit by bursty interference/puncturing can be recovered by utilizing the information parity CB C6 via xor operation as follows:
C_i = C_0 + … C_(i-1) + C_(i+1) + … C_5 + C_6
[image: ]
Figure 2: single parity check based outer erasure code for bursty puncturing recovery
There are many codes that are good candidates for outer erasure code other than SPC. For example, Hamming code could correct up to 2 CB erasures. Here we propose classic Reed-Solmon code for the following key properties.
· Delivers optimal erasure decoding for any given (N, K) combination
· Mature encoding/decoding techniques widely used in many commercial systems
· [bookmark: _GoBack]HW implementation of RS erasure decoding could be done with very low latency and high throughput to support eMBB peak rate requirements

Proposal 2: Adopt Reed-Solomon code as outer erasure code baseline for NR Phase 1.
Outer erasure coding and HARQ schemes
Overall, there are two main advantages to use outer erasure code to handle URLLC/eMBB multiplexing:
1) It requires very little UL/DL control overhead to combat bursty puncturing compared with alternative CB-level HARQ solutions, which requires enormous amount of overhead. At the same time, it approaches closely to the optimal possible performance. 
2) It does not impact PHY layer processing timeline and maintains low latency processing as opposed to deep interleaving option, which introduces delay and buffering. For example, outer erasure decoding does not need to be completed (or even start) before HARQ Ack can be sent out in the UL. The reason is, outer erasure code is erasure decoding, for MDS code, such as RS, by simply counting the number of CB errors can tell whether retransmission will be needed or the current number of CB parities will be sufficient to recover all the data CBs in the entire TB. Therefore, at the moment of last CB decoding, it should be determined what feedback needs to be sent in the UL without invoking the actual outer erasure decoding process, which is important as it does not add additional timeline burden on self-contained turn-around.
There are multiple schemes that can realize the outer erasure coding. Key ones are described in the next subsections.
Outer erasure coding with semi-static overhead configuration (outer coding decoupled from TB-level HARQ): 
In this scheme, outer coding is semi-static and is ideally suited for cases where the long term statistics of the URLLC puncturing rate is known. The transmitter will semi-statically assign CBs corresponding to parity to recover from erasure CBs that will be encountered (as shown in Figure 3, where 1 parity CB is transmitted for every 6 “information” CBs). In the event, there is no bursty interferer, the parity CBs will result in overhead. Hence this scheme is not the most efficient. However, it is the simplest to implement in terms of required control signalling, however, as can be shown in the next section, significant benefits could still be achieved with semi-static overhead configuration without invoking outer coding based HARQ.
[image: ]
Figure 3: Example of static outer code with 1 parity CB

Outer coding with dynamic overhead based on HARQ feedback: 

In this scheme, HARQ is clubbed with the outer erasure code. The number of CBs that fail in the 1st transmission (e.g. Nfail) will be fed back to the eNB in the ACK/NACK channel. eNB merely needs to transmit back parity CBs required to recover from the Nfail failures in the next transmission cycle. This scheme enables efficient use of the channel for a given reliability target. Such a scheme will results in  bits in the feedback channel, to transmit number of failed CBs. Note that UE or eNB could also decide to encode more parity CBs to combat bursty puncturing in future retransmission intervals to ensure robustness in reception. Note that this CB-parity based HARQ scheme could also be used in conjunction with TB-level HARQ depending on the number of CB failures, either TB level HARQ or CB-parity based HARQ could be triggered to achieve efficient error recovery.


Figure 4: outer-code based HARQ
One example is illustrated in Figure 4. First transmission, 1 CB fails and the remaining CBs passed, upon the 2nd transmission, 2 more parity code blocks are requested, in the case there are additional CB failures. In this case, UE may request a lot more parities to ensure successful reception with high probability and it finally went through. Note that, in the scenario where there are many CB failures, TB-level HARQ based on inner coding will be triggered to more efficiently recover the error. This will continue until only a small number of CBs are in error, in this case, outer coding based CB parities will be requested for better efficiency.
Outer coding with dynamic overhead based on HARQ feedback with compression

In this scheme, the number of parity CBs required is further compressed to < (e.g. NUM_CB/2) and transmitted on UL. This results in savings in feedback overhead with some potential increase in DL transmission payload (due to increased granularity in feedback).
It is shown in this section that outer coding could be associated with HARQ at different levels to achieve different efficiency and overhead tradeoffs.
To ensure forward compatibility and at the same time considering the tight timeline, NR release 15 could adopt the simplest form of outer coding to claim most of the gain. We evaluate the performance of “Outer erasure coding with semi-static overhead configuration” scheme in the next section.
Evaluation of erasure coding
We first evaluate spectrum efficiency performance assuming simplied CB-level erasure model. Each CB is assumed to experience independent erasure with certain erasure probability. Throughput vs. CB erasure probability curves are evaluated in Figure 5. In this example, each TB contains 32 CBs, TB-level HARQ incurs substantial performance loss, while with outer erasure code (RS code is assumed in this study), performance gets substantially improved. Outer erasure coding performance is achieved by adapting parity CB overhead (optimized based on expected CB erasure rate). It can be seen that, this performance is already very close to optimal multiplexing capacity upper bound.
[image: ]
Figure 5: normalized throughput in the presence of CB-level puncturing
Link-level performance evaluation is also done using typical link-level evaluation scenario with additional bursty interference/puncturing modeling. One example of link-level simulation under fading channel with bursty puncturing is shown in Figure 6. Outer erasure coding overhead is adapted through an outerloop based on average erasure rate, and RS outer erasure code is applied and delivers substantial performance gain over TB-HARQ scheme, which is in line with the analysis results in Figure 5 based on abstract CB-level erasure model.
[image: ]
Figure 6: Throughput in the presence of bursty puncturing (8RB per burst)
The above analysis and link-level simulation results suggest that “outer erasure code with semi-static overhead configuration” itself provides substantial performance gain in the context of eMBB and URLLC multiplexing. We propose the following:
Proposal 3: Adopt outer erasure code with semi-static overhead configuration for NR phase 1.
[bookmark: _Ref378529477]Conclusions
Proposal 1: Adopt outer erasure code for NR URLLC and eMBB multiplexing.
Proposal 2: Adopt Reed-Solomon code as outer erasure code baseline for NR Phase 1.
Proposal 3: Adopt outer erasure code with semi-static overhead configuration for NR phase 1.
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																UERS P+D		UERS Data						UERS P+D

																UERS P+D								UERS P+D



				UERS P+C		UERS Ctrl

				CRS & Ctrl Region																				Data traffic region



								UERS P+D		UERS Data																UERS P+D		UERS Data																UERS P+D

				UERS P+D																						UERS P+D																		UERS P+D















																UERS P+D		UERS Data		UERS P+D		UERS Data



				UERS P+C		UERS Ctrl				UERS P+C		UERS Ctrl

				CRS & Ctrl																				Data traffic region



						UERS P+D		UERS Data		UERS P+D		UERS Data



				UERS P+D						UERS Data																UERS P+D		UERS Data																UERS P+D

																										UERS P+D																		UERS P+D

						UERS P+D		UERS Data		UERS P+D		UERS Data

																UERS P+D		UERS Data		UERS P+D		UERS Data







nominal numerology

						1st SF (250us)																		2nd SF (250us)																		3rd SF (250us)																		4th SF (250us)

						0		1		2		3		4		5		6		7		8		0		1		2		3		4		5		6		7		8		0		1		2		3		4		5		6		7		8		0		1		2		3		4		5		6		7		8								PC: pilot and control symbol

																																																																																				PD: pilot and data symbol

						PD		UERS Traffic3										PD		Traffic3																																																																CRS & Ctrl: CRS and Ctrl symbol region

																																																												PD		UERS Traffic2																						UERS Ctrl channel

						PC		UERS Ctrl for Traffic3																PC		UERS Ctrl for Traffic3																																																										UERS Traffic channel

						CRS & Ctrl																		PD		UERS Traffic3										PD		Traffic3				CRS & Ctrl





						PD		UERS Traffic1																																		PD		UERS Traffic1																																		PD







						PC: pilot and control symbol

						PD: pilot and data symbol

						CRS & Ctrl: CRS and Ctrl symbol region

						UERS Ctrl channel

						UERS Data channel





						1st SF (250us)																		2nd SF (250us)																		3rd SF (250us)																		4th SF (250us)

						0		1		2		3		4		5		6		7		8		0		1		2		3		4		5		6		7		8		0		1		2		3		4		5		6		7		8		0		1		2		3		4		5		6		7		8

																																																								MC 1st Tx								MC 2nd Tx

						PD		UERS Traffic3										PD		Traffic3

																																																												PD						UERS Traffic2

						PC		UERS Ctrl for Traffic3																PC		UERS Ctrl for Traffic3

						CRS & Ctrl																		PD		UERS Traffic3										PD		Traffic3				CRS & Ctrl





						PD		UERS Traffic1																																		PD		UERS Traffic1																						UERS Traffic1												PD







						PC: pilot and control symbol

						PD: pilot and data symbol

						CRS & Ctrl: CRS and Ctrl symbol region

						UERS Ctrl channel

						UERS Data channel

						MC 1st Tx: mission critical 1st transmission

						MC 2nd Tx: mission critical 2nd transmission

						1st TTI (250us)																		2nd TTI (250us)																		3rd TTI (250us)																		4th TTI (250us)

						0		1		2		3		4		5		6		7		8		0		1		2		3		4		5		6		7		8		0		1		2		3		4		5		6		7		8		0		1		2		3		4		5		6		7		8

																																																								MC 1st Tx								MC 2nd Tx



																																																												PD						UERS Traffic2

																								PC		UERS Ctrl for Traffic3

						CRS & Ctrl																		PD		UERS Traffic3										PD		Traffic3				CRS & Ctrl





						PD		UERS Traffic1																																		PD		UERS Traffic1																						UERS Traffic1												PD







						PC: pilot and control symbol

						PD: pilot and data symbol

						CRS & Ctrl: CRS and Ctrl symbol region

						UERS Ctrl channel

						UERS Data channel

						MC 1st Tx: mission critical 1st transmission

						MC 2nd Tx: mission critical 2nd transmission

						1st TTI (250us)																		2nd TTI (250us)																		3rd TTI (250us)																		4th TTI (250us)

						0		1		2		3		4		5		6		7		8		0		1		2		3		4		5		6		7		8		0		1		2		3		4		5		6		7		8		0		1		2		3		4		5		6		7		8

																																																												MC Tx

						PD		UERS Traffic3										PD		Traffic3

																																																														PD		UERS Traffic2				PD

						PC		UERS Ctrl for Traffic3																PC		UERS Ctrl for Traffic3

						CRS & Ctrl																		PD		UERS Traffic3										PD		Traffic3				CRS & Ctrl





						PD		UERS Traffic1																																		PD		UERS Traffic1																						UERS Traffic1												PD







						PC: pilot and control symbol

						PD: pilot and data symbol

						CRS & Ctrl: CRS and Ctrl symbol region

						UERS Ctrl channel

						UERS Data channel

						MC: mission critical 1st transmission

						MC 2nd Tx: mission critical 2nd transmission

						1st TTI (250us)																		2nd TTI (250us)																		3rd TTI (250us)																		4th TTI (250us)

						0		1		2		3		4		5		6		7		8		0		1		2		3		4		5		6		7		8		0		1		2		3		4		5		6		7		8		0		1		2		3		4		5		6		7		8

														Low Lat																																														lowLat

						PD		Data Traffic								PD

																																																														PD		UERS Traffic2				PD



						PD: pilot and data symbol

						Data channel

						Low-Lat: low latency traffic

						1st TTI (250us)																		2nd TTI (250us)																		3rd TTI (250us)																		4th TTI (250us)

						0		1		2		3		4		5		6		7		8		0		1		2		3		4		5		6		7		8		0		1		2		3		4		5		6		7		8		0		1		2		3		4		5		6		7		8

																																																												MC Tx

						PD		UERS Traffic3										PD		Traffic3

																																																														PD		UERS Traffic2				PD

						PC		UERS Ctrl for Traffic3																PC		UERS Ctrl for Traffic3

						CRS & Ctrl																		PD		UERS Traffic3										PD		Traffic3				CRS & Ctrl





						PD		UERS Traffic1																																		PD		UERS Traffic1																						UERS Traffic1												PD







						One TTI

						Nominal





















						One TTI

						Nominal																																						MiCr0		Nominal						MiCr1		Nominal





















												Systematic CBs																																								Parity CBs

												0		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		0		1		2		3

												PHY IL0 1st Tx. MAC 1st Tx																PHY IL1 1st Tx. MAC 1st Tx																PHY IL0 1st Tx. MAC 1st Tx																PHY IL1 1st Tx. MAC 2nd Tx

										CB		0		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		0		1		2		3		4		5		6		7		16		17		18		19		0		1		2		3

												Systematic CBs																																								Parity CBs

												0		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		0		1		2		3

												PHY IL0 1st Tx. MAC 1st Tx																PHY IL1 1st Tx. MAC 1st Tx																PHY IL0 1st Tx. MAC 1st Tx																PHY IL1 1st Tx. MAC 2nd Tx

										CB		0		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		0		1		2		3		4		5		6		7		16		17		18		19		0		1		2		3

												Systematic CBs																																								Parity CBs

												0		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		0		1		2		3

												PHY IL0 1st Tx. MAC 1st Tx																PHY IL1 1st Tx. MAC 1st Tx																PHY IL0 1st Tx. MAC 1st Tx																PHY IL1 1st Tx. MAC 2nd Tx

										CB		0		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		0		1		2		3		4		5		6		7		16		17		18		19		0		1		2		3

												One Nominal TTI

																						MiCr User1										MiCr User 2



																								PDSCH Traffic









						Channel Capacity    per Symbol

























								CB idx				0		1		2		3		4		5		6		7		8		9		10		11		12		13





												One Nominal TTI





												PDSCH Traffic









						Channel Capacity    per Symbol

























								CB idx				0		1		2		3		4		5		6		7		8		9		10		11		12		13

						Channel Capacity    per Symbol























								CB idx				0		1		2		3		4		5		6		7		8		9		10		11		12		13

				DL Data								0		1		2		3		4		5		6		7		8

				UL Ack								0		1		2		3		4		5		6		7		8





MAC Coding Timeline



						Data CBs						1		2		3		4		5		6		7		8																						9		10		11		12		13		14		15		16

												TB1																																				TB2

				PHY HARQ								TB1, PHY 1st Tx																		TB1, PHY 2nd Tx																		TB2, PHY 1st Tx																		TB2, PHY 2nd Tx																		TB2, PHY 3rd Tx																												decoded CB

										CB		1		2		3		4		5		6		7		8		UL		1		2		3		4		5		6		7		8		UL		9		10		11		12		13		14		15		16		UL		9		10		11		12		13		14		15		16		UL		9		10		11		12		13		14		15		16		UL												failed CB





						Data CBs						1		2		3		4		5		6		7		8				9		10		11		12		13		14		P1		P2				P3		P4		P5		P6		P7		P8		P9		P10

												TB1																		TB2																		TB2

																										Outer-code Encode 				1		2		…								13		14												P1		P2		…								P9		P10

																														Systematic CBs																Parity CB generation										Parity CBs



												TB1, PHY 1st Tx																		TB2, PHY 1st Tx, MAC 2nd Tx																		TB3, PHY 1st Tx, MAC 3rd Tx

										CB		1		2		3		4		5		6		7		8		UL		9		10		11		12		13		14		P1		P2		UL		P3		P4		P5		P6		P7		P8		P9		P10		UL







				PHY to MAC								TB1, PHY 1st Tx																		TB1, PHY 2nd Tx																		TB2, PHY 1st Tx, MAC 2nd Tx

										CB		1		2		3		4		5		6		7		8		UL		1		2		3		4		5		6		7		8		UL		9		10		11		12		13		P1		P2		P3		UL

				MAC to PHY								TB1, PHY 1st Tx																		TB2, PHY 1st Tx, MAC 2nd Tx																		TB2, PHY 2nd Tx, MAC 2nd Tx

										CB		1		2		3		4		5		6		7		8		UL		9		10		11		12		13		14		P1		P2		UL		9		10		11		12		13		14		P1		P2		UL





bootstrapping

		RE\Symbol		0		1		2		3		4		5		6		7		8		0		1		2		3		4		5		6		7		8		0		1		2		3		4		5		6		7		8

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12





density

		RE\Symbol		0		1		2		3		4		5		6		7		8		7		8		9		10		11		12		13		14		15		0

		0		Tx Port 01																																GP		ACK		Ctrl

		1		Tx Port 23																		Tx Port 01

		2		Tx Port 01

		3		Tx Port 23																		Tx Port 23

		4		Tx Port 01																																								UL 1-symb TTI						GP				CP		Pilot + ACK																GP

		5		Tx Port 23																		Tx Port 01																												<-      UE RxProc=16.5us      ->																						<-     eNb RxProc=16.5us   ->

		6		Tx Port 01

		7		Tx Port 23																		Tx Port 23

		8		Tx Port 01																																								UL 2-symb TTI						GP				CP		Pilot 								CP		ACK								GP

		9		Tx Port 23																		Tx Port 01																												<-                             new UE RxProc=33.86us                                          ->																								<-eNb Rx=12.2us ->

		10		Tx Port 01

		11		Tx Port 23																		Tx Port 23

		12		Tx Port 01

		13		Tx Port 23																		Tx Port 01

		14		Tx Port 01

		15		Tx Port 23																		Tx Port 23

		RE\Symbol		0		1		2		3		4		5		6		7		8		7		8		9		10		11		12		13		14		15		0

		0																																		GP		ACK		Ctrl

		1		Tx Port 01																		Tx Port 01

		2

		3

		4																																										UL 1-symb TTI						GP				CP		Pilot + ACK																GP

		5		Tx Port 01																		Tx Port 01																												<-      UE RxProc=16.5us      ->																						<-     eNb RxProc=16.5us   ->

		6

		7

		8																																										UL 2-symb TTI						GP				CP		Pilot 								CP		ACK								GP

		9		Tx Port 01																		Tx Port 01																												<-                             new UE RxProc=33.86us                                          ->																								<-eNb Rx=12.2us ->

		10

		11

		12

		13		Tx Port 01																		Tx Port 01

		14

		15

		RE\Symbol		7		8		9		10		11		12		13		14		15		0		1		2		3		4		5		6		7

		0

		1		Tx Port 01																		Tx Port 01

		2

		3

		4																																										UL 1-symb TTI						GP				CP		Pilot + ACK																GP

		5		Tx Port 01																		Tx Port 01																												<-      UE RxProc=16.5us      ->																						<-     eNb RxProc=16.5us   ->

		6

		7

		8																																										UL 2-symb TTI						GP				CP		Pilot 								CP		ACK								GP

		9		Tx Port 01																		Tx Port 01																												<-                             new UE RxProc=33.86us                                          ->																								<-eNb Rx=12.2us ->

		10

		11

		12

		13		Tx Port 01																		Tx Port 01

		14

		15

		RE\Symbol		0		1		2		3		4		5		6		7		8		7		8		9		10		11		12		13		14		15		0

		0																																		GP		ACK		Ctrl

		1		Tx Port 01																		Tx Port 01

		2

		3

		4																																										UL 1-symb TTI						GP				CP		Pilot + ACK																GP

		5		Tx Port 01																		Tx Port 01																												<-      UE RxProc=16.5us      ->																						<-     eNb RxProc=16.5us   ->

		6

		7

		8																																										UL 2-symb TTI						GP				CP		Pilot 								CP		ACK								GP

		9		Tx Port 01																		Tx Port 01																												<-                             new UE RxProc=33.86us                                          ->																								<-eNb Rx=12.2us ->

		10

		11

		12

		13		Tx Port 01																		Tx Port 01

		14

		15

		RE\Symbol		7		8		9		10		11		12		13		14		15		0		1		2		3		4		5		6		7

		0

		1		Tx Port 01																		Tx Port 01

		2

		3

		4																																										UL 1-symb TTI						GP				CP		Pilot + ACK																GP

		5		Tx Port 01																		Tx Port 01																												<-      UE RxProc=16.5us      ->																						<-     eNb RxProc=16.5us   ->

		6

		7

		8																																										UL 2-symb TTI						GP				CP		Pilot 								CP		ACK								GP

		9		Tx Port 01																		Tx Port 01																												<-                             new UE RxProc=33.86us                                          ->																								<-eNb Rx=12.2us ->

		10

		11

		12

		13		Tx Port 01																		Tx Port 01

		14

		15

		RE\Symbol		0		1		2		3		4		5		6		7		8		0		1		2		3		4		5		5		6		7		8

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		RE\Symbol		0		1		2		3		4		5		6		7		8		0		1		2		3		4		5		5		6		7		8

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		RE\Symbol		0		1		…						16		17		0		1		…						16		17		0		0		1		…						7		8

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

				coarse FTL resolution														fine FTL resolution









eCCH region

		1st SF (250us)																		2nd SF (250us)

		0		1		2		3		4		5		6		7		8		0		1		2		3		4		5		6		7		8



		PD		UERS Traffic3										PD		Traffic3				PD		UERS Traffic3										PD		Traffic3



		PC		UERS Ctrl for Traffic3										PC		UERS Ctrl + Indicator				PC		UERS Ctrl for Traffic3										PC		UERS Ctrl + Indicator

		CRS & Ctrl																		CRS & Ctrl





		per TTI indicator channel to indicate the continuation of previous TTI or change of allocation. O.w., UE relies on blind decode to figure out change of allocation
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