Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG1 #88	R1-1701869
Athens, Greece, 13th- 17th February 2017

Agenda Item:	8.1.3.4.1
Source:	Ericsson
Title:	On eMBB/URLLC multiplexing for downlink
Document for:	Discussion, Decision
Introduction
An email discussion on multiplexing URLLC and eMBB data transmissions in NR has been concluded [2]. According to the previous agreements, for DL, dynamic resource sharing between URLLC and eMBB is supported by transmitting URLLC scheduled traffic. Thus,
· URLLC transmission may occur in resources scheduled for ongoing eMBB traffic. 
· There should be a clear indication to the eMBB receiver that its data is punctured.
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Impact on eMBB BLER
Within the scope of the LTE Rel-15 WI Short TTI & Processing Time [2] a study [3] was performed to investigate the impact of a 1ms transmission being punctured by short TTI transmissions of 2 OFDM symbols. In [1], we showed how much eMBB BLER will be affected where there is no indication to eMBB receiver. In the previous meeting, it has been agreed to have an indication to the eMBB receiver where a part of its data is punctured. Here we show the impact on downlink eMBB BLER when there is an indication to the eMBB receiver and compare the results with the cases when there is no indication. We also show the impact of HARQ retransmission in presence of puncturing. The simulation details are given in Appendix 1.
Figure 1 shows the impact of puncturing of a short TTI transmission into 1ms transmission for QPSK modulation and code rate 1/2. Here 2 OFDM symbols (using the same bandwidth as the eMBB transmission) are assigned to URLLC traffic (equivalent to 16.6% of resources being punctured). The impact of HARQ retransmissions is also shown for the cases when chase combining or incremental redundancy combining is used. The figure first of all shows that the performance of the eMBB receiver is degraded by puncturing, as mentioned previously in [1].
HARQ retransmission can considerably improve the performance of the eMBB receiver. In the simulated cases, HARQ with incremental redundancy combining shows better results than chase combining HARQ. We observe good performance when puncturing information is used while combining first and second transmission. Indication with HARQ retransmissions has about 1 dB loss compared to HARQ retransmission without puncturing
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[bookmark: _Ref473791455][bookmark: _Ref473546486]Figure 1 BLER for eMBB transmission with rank 1 QPSK r1/2 when being punctured by URLLC. The punctured data is two OFDM symbols, which is equivalent to 16.6% puncturing.
Figure 2 shows the impact of puncturing of a short TTI transmission into 1ms transmission for QPSK modulation and code rate 2/3. The figure also shows that indication improves BLER of eMBB receiver in higher code rates as well. By comparing the results in Figure 1 and Figure 2, we observe that the loss is higher in higher code rates.
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[bookmark: _Ref473791513]Figure 2  BLER for eMBB transmission for rank 1 QPSK r2/3 when being punctured by URLLC. The punctured data is two OFDM symbols, which is equivalent to 16.6% puncturing.
Table 1 summarizes the gain in SNR for the different transmission methods compared to the baseline (no puncturing, no HARQ) for BLER=0.1. 
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	Transmission method

	QPSK1/2, Rank1
	QPSK2/3, Rank1
	QPSK1/2, Rank2
	QPSK2/3, Rank2

	No puncturing, no HARQ (Baseline)
	0 dB
	0 dB
	0 dB
	0 dB

	No puncturing, with HARQ, IncrRed
	3.62 dB
	4.68 dB
	4.94 dB
	6.37 dB

	No puncturing, with HARQ, Chase
	2.97 dB
	3.25 dB
	3.06 dB
	3.18 dB

	Puncturing, no HARQ
	N/A
	N/A
	N/A
	N/A

	Puncturing only first transmission, with HARQ, IncrRed
	1.13 dB
	-0.96 dB
	1.52 dB
	-7.97 dB

	Puncturing only first transmission, with HARQ, Chase
	0.21 dB
	-6.38 dB
	-1.10 dB
	N/A

	Puncturing, no HARQ, clear soft values
	-1.87 dB
	-3.20 dB
	-2.73 dB
	-5.26 dB

	Puncturing only first transmission, with HARQ, clear soft values, IncrRed
	3.04 dB
	3.76 dB
	4.21 dB
	5.16 dB

	Puncturing only first transmission, with HARQ, clear soft values, Chase
	2.52 dB
	2.60 dB
	2.54 dB
	2.63 dB



[bookmark: _GoBack]An important observation is that indication of puncturing, even without retransmission, can considerably improve the performance of the eMBB receiver. As shown in the figures (purple-color curves in Figure 1 and Figure 2), even indication without retransmission is sometimes useful. The loss is about 2 dB for the r1/2 code rate in Figure 1, while higher loss for the higher code r2/3 code rate in Figure 2. Generally, it works better for low code rates. This however comes with the drawback that the UE may need to decode two PDSCH at the sametime, i.e. the one assigned in the previous slot and the one that is assigned in the current slot at the same time. Correspondingly, the simplest approach and the one that gives highest performance is if the punctured is indicated with the retransmissions of the same HARQ process. 
[bookmark: _Toc473897028][bookmark: _Toc473904921][bookmark: _Toc473897029][bookmark: _Toc473904922][bookmark: _Toc473897030][bookmark: _Toc473904923][bookmark: _Toc473897031][bookmark: _Toc473904924][bookmark: _Toc473897032][bookmark: _Toc473904925][bookmark: _Toc473897033][bookmark: _Toc473904926][bookmark: _Toc473897034][bookmark: _Toc473904927][bookmark: _Toc473897035][bookmark: _Toc473904928][bookmark: _Toc473897036][bookmark: _Toc473904929][bookmark: _Toc473897037][bookmark: _Toc473904930][bookmark: _Toc473897038][bookmark: _Toc473904931][bookmark: _Toc473193143][bookmark: _Toc473193311][bookmark: _Toc473547484][bookmark: _Toc473548225][bookmark: _Toc473723991][bookmark: _Toc473725544][bookmark: _Toc473726397][bookmark: _Toc473726749][bookmark: _Toc473726759][bookmark: _Toc473793025][bookmark: _Toc473793334][bookmark: _Toc473794869][bookmark: _Toc473794892][bookmark: _Toc473794927][bookmark: _Toc473794948][bookmark: _Toc473794976][bookmark: _Toc473795318][bookmark: _Toc473795326][bookmark: _Toc473796230][bookmark: _Toc473796237][bookmark: _Toc473801725][bookmark: _Toc473801780][bookmark: _Toc473840184][bookmark: _Toc473889486][bookmark: _Toc473889522][bookmark: _Toc473889538]Indication that an HARQ process on PDSCH was punctured is sent in the DL assignment for the retransmission of the same HARQ process

From the simulation results in Figure 1 and 2, we see that if there is no puncturing information (zero amount of DCI information) and there is no HARQ, the decoding breaks down (solid-red lines in Figure 1 and 2). If there is HARQ retransmission and information sent to the eMBB receiver informing whether any part of the data have been punctured or not, then the performance improves to being the same as a single, un-punctured, transmission (solid-blue) lines. The UE would then discard all information from the first transmission.
The simulations shown here use an allocation where the whole TB fits into one CB. The puncturing mini-slot transmission is here covering two full symbols, and then by using puncturing information soft values from the full two symbols are cleared. If DCI information is several bits indicating exactly the location of punctured data, then the receiver performance can be improved considerably for puncturing with HARQ. This is shown in the figures by yellow lines for puncturing with HARQ. 
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What to transmit as puncturing information could be further studied. One approach is to indicate which symbols that have been punctured. For larger eMBB allocations, where the TB may be split up into two or more CB, one method is to map the puncturing indication to each CB, which can be used with a multi-bit HARQ, with one bit per CB. An alternative approach to minimize the signaling in the DCI is to only indicated to the UE whether or not it was punctured. The UE tries to detect based on the retransmissions of the same TB what soft values in the previous transmission was punctured. 
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Conclusion
In section 2 we made the following observations:
Observation 1	Single-bit DCI indication that some part of a previous transmission was punctured can slightly improve the performance of eMBB receiver.
Observation 2	More detailed DCI indication, giving the exact location of punctured data, can improve the performance considerably. There is a trade-off between the DCI overhead and the receiver BLER.

Based on the discussion in section 2 we propose the following:
Proposal 1	Indication that an HARQ process on PDSCH was punctured is sent in the DL assignment for the retransmission of the same HARQ process
Proposal 2	Study what puncturing information the UE is provided
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Appendix: Simulation assumptions
Table 2 specifies the settings used in the link level evaluations:
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	Parameter
	Value

	Carrier Frequency 
	2.0 GHz 

	Waveform 
	OFDM

	Channel coding
	LTE Turbo code

	Subcarrier spacing
	15 kHz

	Frequency allocation 
	21 PRB (whole TB fits into one CB) 

	Modulation of eMBB
	QPSK

	Code rate of eMBB
	1/2, 2/3

	Modulation of URLLC
	QPSK

	BS antenna configuration 
	2Tx

	MIMO mode
	eMBB: Spatial multiplexing, fix PMI, fixed rank 1 or 2

	Number of antenna ports
	2

	UE antenna configuration 
	2 Rx 

	Channel estimation
	Realistic channel estimation

	Propagation channel & UE velocity 
	EVA, 3km/h

	Number of HARQ retransmissions
	1

	Combining method for HARQ retransmission
	Chase combining & incremental-redundancy combining

	TTI length
	eMBB : 14 OFDM symbols,  URLLC : 2 OFDM symbols
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