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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#84b, outer erasure code was presented and discussed.
In this contribution, we further elaborate use cases for outer erasure code and some evaluation methodology on outer erasure code design.
Outer erasure code for NR new service use cases
The fifth generation wireless systems with a new air interface are being considered for standardization within 3GPP [1]. In order to support new service verticals in a unified 5G air interface framework and to support 5G in new deployment scenarios, new requirements need to be defined for channel code.
A few new requirements are motivating the outer erasure code in NR:
First, new service vertical multiplexing, such as ultra-reliable low latency communication (URLLC) and enhanced mobile broadband (eMBB) multiplexing in the same carrier. Many URLLC transmissions are expected to be control packets of sporadic nature. By definition, URLLC data may occur at any time & should be scheduled at shorter SF duration than eMBB SF duration. eMBB, on the other hand, is scheduled at a longer interval in order to amortize control and RS overhead as discussed also in [4]. It is shown in [5] that resource reservation and FDM between eMBB and URLLC can be highly inefficient hence, dynamic resource sharing between eMBB and URLLC becomes inevitable. 
When eMBB and URLLC users are multiplexed in the same carrier, eMBB long subframe (SF) UEs could be interfered/punctured by URLLC short SF UEs from the neighbor cell (and/or from the same serving cell) without eMBB UE being informed (and eMBB UE’s may not be able to detect such time bursty interference). One such example is given in Figure 1. Where yellow represents eMBB long SF UE and blue/red color represent URLLC short SF UEs. From eMBB UE point of view, blue and red UE could cause both time and frequency bursty interference/puncturing.


Figure 1: example of eMBB (yellow) and URLLC (blue/red) multiplexing
The impact of puncturing on long TTI UEs due to dynamic multiplexing of long and short TTI UEs has been studied in the context of LTE ULL [6][7]. It is observed that without time interleaving, the puncturing impact of short TTI UE on long TTI UE could be substantial, hence some mitigation plan is required.
Another use case scenario where bursty interference could occur is in the new deployment scenarios such as NR over unlicensed band (NR-U), where WiFi type of short burst is expected as bursty interference for NR-U similar to the case in LAA [8]. In order to handle these new use cases NR, an efficiency error mitigation/recovery mechanism is needed.
Secondly, NR eMBB is expected to support very high average and peak data throughput. For each TTI, transport block (TB) size becomes enormous and tens up to hundreds of code blocks are expected in each TB. Based on legacy 1-bit Ack/Nak per TB HARQ feedback scheme, whenever one CB fails decoding, the entire TB needs to be retransmitted, which incurs substantial performance loss.
Table 1 gives a few examples of typical TB sizes expected in NR, for BW = 80MHz, Therefore in 
Assume system BW = 80MHz, SF = 0.5ms and code block size of around 4000-bit, single codeword MIMO across all layers. We will have the total number of CBs as per the following table.
Table 1: number of code blocks per TB for typical eMBB scenarios
	Use case
	System BW
	Subframe Duration
	Num of MIMO Layers
	Modulation
	Coding Rate
	Num of Code Blocks per TB

	peakTput
	80
	0.5ms
	4
	256QAM
	7/8
	~100

	Typical good channel condition
	80
	0.5ms
	2
	64QAM
	1/2
	~40

	Cell edge scenario
	80
	0.5ms
	1
	QPSK
	1/3
	~4



Ranging from typical good channel condition to peak throughput cases, large number of CB’s from 40~100 per TB is expected. Any of the CBs in the TB hit by the bursty interference/puncturing from URLLC triggers TB level HARQ retransmission will cause substantial (close to 50%) throughput degradation. More importantly, for such high throughput scenario, TB reliability also becomes key metric to ensure no disruption to TCP layer, which will cause throughput loss at TCP layer.
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Figure 2: example of one CB in one eMBB TB hit by bursty interference/puncturing
Figure 2 illustrates an example of one TB composed of 7 CBs, where CBs are mapped to time domain resource in frequency first, time second order (same as legacy LTE). When one CB is hit by bursty interference (in this example, CB3), the entire TB needs to be retransmitted.
Observation 1: Bursty interference/puncturing handling is a general area of study for NR to ensure forward compatibility to support new service multiplexing and new deployment scenarios.
Observation 2: Bursty interference/puncturing handling needs to be done while meeting other NR requirements, such as low latency, high throughput, etc.
Outer erasure code design for bursty interference and 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 3.
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
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Figure 3: single parity check based outer erasure code to combat bursty interference/puncturing 
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. Another example is classic Reed-Solmon code, which delivers optimal erasure decoding for a given (N, K) combination. Also, for implementation, HW implementation of RS erasure decoding could be done very efficiently in modern modem processor. Other code options should be considered for complexity/performance tradeoffs.
Throughput vs. CB erasure probability curves are evaluated in Figure 4. 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.
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Figure 4: normalized throughput in the presence of CB-level puncturing
Two main reasons to use outer erasure code:
1) It requires small or no UL/DL control overhead to combat bursty interference compared with alternative CB-level HARQ solutions, which requires enormous amount of overhead.
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.
Erasure decoding does add additional complexity, however, compared with PHY layer decoding, the erasure decoding complexity is relatively small.
Other design options for bursty interference/puncturing handling and down sides
Time-frequency domain interleaving
One potential option is to perform time domain interleaving over both time and frequency to average out the interference. However, there are two down sides:
1) Time domain interleaving is expensive in terms of buffering requirement and increases latency, etc. which is important for NR. In other words, it is important to keep PHY demod/decode pipeline processing, which cannot afford deep interleaving.
2) Time domain interleaving may not fully resolve the problem, as the interference is bursty and may not be detected by the UE, the generated LLRs may NOT be the true log-likelihood ratio due to interference mismatch. Hence, spreading out corrupted LLRs to all CBs may not necessarily improve performance in all the scenarios.
Codeblock level HARQ
Another potential option is to do HARQ at the CB level. However, there are also obvious drawbacks of such scheme.
1) One major drawback is the excessive amount of overhead in DL/UL control channels, to manage many HARQ interlaces even within one TB. As shown in Table 1, as the number of CB’s grow in each TB, the overhead and complexity quick goes up. In addition, in the absence of bursty interference, this overhead may be unnecessary, which puts a burden on the overall NR system
2) Secondly, as the interference is bursty and may not be detected by the UE, the generated LLRs may NOT be the true log-likelihood ratio due to interference mismatch. HARQ combining could in such cases further hurt performance.
Proposal 1: Outer erasure code to be studied as one design option to handle bursty interference/puncturing and compared with related schemes, and the interaction between outer coding and HARQ should also be evaluated.
Outer Erasure Code Performance Requirements and Evaluation Assumptions
Different coding schemes should be evaluated as candidate outer erasure codes.
Potential candidates for outer erasure code
The following codes should be considered as the outer code though other are not precluded
· Reed-Solomon code
· Packet XOR based coding, such as packet coding, Raptor code, etc.
Evaluation of erasure coding
Erasure coding should be evaluated on the following metrics:
1) Spectrum efficiency
2) Reliability and latency
3) UL and DL control/signaling overhead
4) Encoding/Decoding complexity
Evaluation of performance evaluation of outer erasure code could be at link-level at two steps:
1) To first identify/narrow down outer erasure code candidates, abstract channel model, such as CB-level erasure model could be used to evaluate the metrics above
2) Link-level could be 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 5. RS based outer erasure code is shown to deliver substantial performance gain over TB-HARQ scheme, which is in line with the analysis results in Figure 4 based on abstract CB-level erasure model.
[bookmark: _Ref378529477][image: ]
Figure 5: normalized throughput in the presence of bursty puncturing (8RB per burst)
Proposal 2: Outer erasure code performance should be evaluated based on key metrics such as spectrum efficiency, reliability, latency, overhead and encoding/decoding complexity
To make more comprehensive evaluation, outer erasure coding could be compared with other schemes. Consider the following options to handle bursty URLLC impact on eMBB
· HARQ
· Outer code
· Interleaving
· Other options are not precluded
· Aspects to be investigated by link level
· How to model bursty URLLC impact
· For example, modeling URLLC with random Poisson arrival
· Each URLLC UE puncturing a fixed/random number of RBs per eMBB symbol.
· Performance metrics
· Spectrum efficiency
· Latency
· Reliability
· Complexity
· Overhead
· Other metrics not precluded
Conclusions
Observation 1: Bursty interference/puncturing handling is a general area of study in NR to ensure forward compatibility.
Observation 2: Bursty interference/puncturing handling needs to be done while meeting other NR requirements, such as low latency, high throughput, etc.
Proposal 1: Outer erasure code to be studied as one design option to handle bursty interference/puncturing and compared with related schemes, and the interaction between outer coding and HARQ should also be evaluated.
Proposal 2: Outer erasure code performance should be evaluated based on key metrics such as spectrum efficiency, reliability, latency, overhead and encoding/decoding complexity
References
[1] [bookmark: _Ref430766234]RP-160671, New SID Proposal: Study on New Radio Access Technology
[2] [bookmark: _Ref447285471][bookmark: _Ref447293294]R1-162208, Requirements & evaluation
[3] R1-162397, Outer erasure code
[4] R1-164692, Numerology and TTI multiplexing for NR Forward Compatibility Analysis 
[5] [bookmark: _Ref458801077]R1-166395, URLLC system capacity and URLLC/eMBB multiplexing efficiency analysis
[6] [bookmark: _Ref458801597]R1-165304, Additional link results for sPDSCH
[7] [bookmark: _Ref458801598]R1-166314, An Interleaved RE Mapping for Downlink LTE Overlaid by Intra-Cell Low Latency Operation
[8] [bookmark: _Ref458801822]R1-152791, Further Details on PHY Layer Options for LAA



1/7
image2.emf
PDSCH Traffic (UE2)

Long Subframe

URLL

C UE1 

1st Tx

URLL

C UE1 

2nd 

Tx

PDSCH 

Traffic (UE2)

PDSCH Traffic (UE2)

URLL

C 

UE0 

1st Tx

URLLC 

UE0 

2nd Tx


Microsoft_Excel_Worksheet1.xlsx
Sheet1

		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										MC 1st Tx								MC UL ACK								MC 2nd Tx								MC UL ACK

		0																																																														RE\Symbol		0		1		2		3		0		1		2		3		0		1		2		3		0		1		2		3

		1																																																														0		Pilot		Data		Data		Data		DL/UL		UL		UL		UL		Pilot		Data		Data		Data		DL/UL		UL		UL		UL

		2																																																														1		Data		Data		Data		Data		DL/UL		UL		UL		UL		Data		Data		Data		Data		DL/UL		UL		UL		UL

		3																																																														2		Ctrl		Data		Data		Data		DL/UL		UL		UL		UL		Ctrl		Data		Data		Data		DL/UL		UL		UL		UL

		4																																																														3		Data		Data		Data		Data		DL/UL		UL		UL		UL		Data		Data		Data		Data		DL/UL		UL		UL		UL

		5																																																														4		Pilot		Data		Data		Data		DL/UL		UL		UL		UL		Pilot		Data		Data		Data		DL/UL		UL		UL		UL

		6																																																														5		Data		Data		Data		Data		DL/UL		UL		UL		UL		Data		Data		Data		Data		DL/UL		UL		UL		UL

		7																																																														6		Ctrl		Data		Data		Data		DL/UL		UL		UL		UL		Ctrl		Data		Data		Data		DL/UL		UL		UL		UL

		8																																																														7		Data		Data		Data		Data		DL/UL		UL		UL		UL		Data		Data		Data		Data		DL/UL		UL		UL		UL

		9																																																														8		Pilot		Data		Data		Data		DL/UL		UL		UL		UL		Pilot		Data		Data		Data		DL/UL		UL		UL		UL

		10																																																														9		Data		Data		Data		Data		DL/UL		UL		UL		UL		Data		Data		Data		Data		DL/UL		UL		UL		UL

		11																																																														10		Ctrl		Data		Data		Data		DL/UL		UL		UL		UL		Ctrl		Data		Data		Data		DL/UL		UL		UL		UL

		12																																																														11		Data		Data		Data		Data		DL/UL		UL		UL		UL		Data		Data		Data		Data		DL/UL		UL		UL		UL

		13																																																														12		Pilot		Data		Data		Data		DL/UL		UL		UL		UL		Pilot		Data		Data		Data		DL/UL		UL		UL		UL

		14																																																														13		Data		Data		Data		Data		DL/UL		UL		UL		UL		Data		Data		Data		Data		DL/UL		UL		UL		UL

																																																																14		Ctrl		Data		Data		Data		DL/UL		UL		UL		UL		Ctrl		Data		Data		Data		DL/UL		UL		UL		UL

				0		1		2		3		4		…				17		18		0		1																																										Data		Data		Data		Data		DL/UL		UL		UL		UL		Data		Data		Data		Data		DL/UL		UL		UL		UL

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

				0		1		2		3		4		5		6		7		8		0		1































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

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24

		25

		26

		27

		28

		29



		RE\Symbol		0		1		2		3		4		5		6





				MC 1st Tx						MC 2nd Tx

		RE\Symbol		0		1		…		4

		0		Pilot						Data

		1		Data						Data

		2		Ctrl						Data

		3		Data						Data

		4		Pilot						Data

		5		Data						Data

		6		Ctrl						Data

		7		Data						Data																MC 1st Tx								MC 2nd Tx

		8		Pilot						Data														RE\Symbol		0		1		2		3		4

		9		Data						Data														0		Pilot								Data

		10		Ctrl						Data														1		Data								Data

		11		Data						Data														2		Ctrl								Ctrl

		12		Pilot						Data														3		Data								Data

		13		Data						Data														4		Pilot								Data

		14		Ctrl						Data														5		Data								Data

																								6		Ctrl								Ctrl

																								7		Data								Data

																								8		Pilot								Data

																								9		Data								Data

																								10		Ctrl								Ctrl

																								11		Data								Data

																								12		Pilot								Data

																								13		Data								Data

																								14		Ctrl								Ctrl

																										MC 1st Tx								MC 2nd Tx

																								RE\Symbol		0		1		2		3		4

																								0		Pilot								Data

																								1		Pilot								Data

																								2		Data								Data

																								3		Data								Data

																								4		Ctrl								Ctrl

																								5		Ctrl								Ctrl

																								6		Data								Data

																								7		Data								Data

																								8		Pilot								Data

																								9		Pilot								Data

																								10		Data								Data

																								11		Data								Data

																								12		Ctrl								Ctrl

																								13		Ctrl								Ctrl

																								14		Data								Data





Sheet2

																		RE\symbol		0		1		…				8		0		1		…				8		0		1		…				8		0		1		…				8

																		0		P				…																P				…										…				P

																		1		P				…																P				…										…				P

																		2						…																				…										…

																		3		P				…																P				…										…				P

																		4		P				…																P				…										…				P

																		5						…																				…										…

																		6						…																				…										…

																		7		P				…																P				…										…				P

																		8		P				…																P				…										…				P

																		9						…																				…										…

																		10		P				…																P				…										…				P

																		11		P				…																P				…										…				P

																		12						…																				…										…

																		13		P				…																P				…										…				P

																		14		P				…																P				…										…				P

																		RE\symbol		0		1		…				8		0		1		…				8		0		1		…				8		0		1		…				8

																		0		P				…																P				…										…				P

																		1		P				…																P				…										…				P

																		2						…																				…										…

																		3		P				…																P				…										…				P

																		4		P				…																P				…										…				P

																		5						…																				…										…

																		6		P				…																P				…										…				P

																		7		P				…																P				…										…				P

																		8						…																				…										…

																		9		P				…																P				…										…				P

																		10		P				…																P				…										…				P

																		11						…																				…										…

																		12		P				…																P				…										…				P

																		13		P				…																P				…										…				P

																		14						…																				…										…





Sheet3

										UERS Data









				0		…						8		0		…				8		0		…						8		0		…				8

														UERS P+D		UERS Data				UERS P+D

														UERS P+D						UERS P+D



				UERS P+C		UERS Ctrl						UERS P+C																																UERS P+D		UERS Data						UERS P+D

						CRS & Ctrl Region														Data traffic region																								UERS P+D								UERS P+D



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

				UERS P+D																		UERS P+D







				0		…						8		0		…				8		0		…						8		0		…				8

				UERS Symbol																		UERS Symbol		Data traffic														Potential UERS Symbol







						CRS & Ctrl Region

														Data traffic











				0		…						8		0		…				8		0		…						8		0		…				8

														UERS P+D		UERS Data				UERS P+D

														UERS P+D						UERS P+D



				UERS P+C		UERS Ctrl						UERS P+C

				UERS P+D		CRS & Ctrl Region														Data traffic region



								UERS Data														UERS P+D		UERS Data

				UERS P+D																		UERS P+D











Sheet4

																0.07		0.14		0.21

												BW		num of symb		1		2		3		4		5		6		7		8		9

												10		LTE 2CRS		400		1000		1600

														numCCE		11.1111111111		27.7777777778		44.4444444444

												10		LTE 4CRS		400		800		1400

												5		Pentari		83.3333333333		208.3333333333		333.3333333333		458.3333333333		583.3333333333		708.3333333333		833.3333333333		958.3333333333		1083.3333333333

														numCCE		2.3148148148		5.787037037		9.2592592593		12.7314814815		16.2037037037		19.6759259259		23.1481481481		26.6203703704		30.0925925926

												10		Pentari		166.6666666667		416.6666666667		666.6666666667		916.6666666667		1166.6666666667		1416.6666666667		1666.6666666667		1916.6666666667		2166.6666666667

								CCE size		36				num CCE		4.6296296296		11.5740740741		18.5185185185		25.462962963		32.4074074074		39.3518518519		46.2962962963		53.2407407407		60.1851851852





old

				0		…								8		0		…						8		0		…						8		0		…				8

																UERS P+D		UERS Data						UERS P+D

																UERS P+D								UERS P+D



				UERS P+C		UERS Ctrl								UERS P+C

				UERS P+D		CRS & Ctrl Region																		Data traffic region



								UERS Data																		UERS P+D		UERS Data

				UERS P+D																						UERS P+D











				0		…								8		0		…						8		0		…						8		0		…				8

																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







						Long Subframe

																						URLLC UE0 1st Tx																																		URLLC UE1 1st Tx		PDSCH Traffic (UE2)						URLLC UE1 2nd Tx		PDSCH Traffic (UE2)







																												PDSCH Traffic (UE2)





																														URLLC UE0 2nd Tx











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		0		1		2		3		4		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		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		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		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






image3.png
time

CBO | CB1 | CB2 X CB4 | CB5 | CB6

I
s1q ojul >Ilﬂ% PapoIUS AHd

>

Parity

s CBs )l

Systematic CBs

Adusnbauy




image4.png
time
CB2 X CB4 | CB5

Systematic CBs

S1GOJUI AHd | S11qPapoduad AHd

CB1

CBO

Aduanbauy




image5.emf
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

CB Erasure Probability

Normalized eMBB Throughput

Normalized eMBB Throughput in the presence of CB-level Puncturing/Interference

 

 

Capacity Upperbound

Outer Erasure Coding

TB-level HARQ


image6.png
Sa s e«

Erasure Probability




