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Introduction
In RAN plenary meeting #78, it was agreed to study the following item in RAN1 to see if there are performance gains:
· For a given carrier, PDCCH repetitions over same or multiple PDCCH monitoring occasion(s) of the same or multiple CORESET and search space
In RAN1 #92, a set of link-level simulation assumptions for performance evaluation for compact DCI and PDCCH repetition were agreed [1]. 
In this contribution, we provide link level simulation results on PDCCH repetition, and share our view on the design options for PDCCH repetition.
Link-level Simulation Results for PDCCH repetition 
In this section we compare the link-level performance between two schemes: 
· Scheme 1: No repetition
· PDCCH with AL=8 or AL=16 is transmitted in one OFDM symbol
· Scheme 2: With repetition 
· PDCCH with AL=4 or AL=8 is repeated across two CORSETs in different OFDM symbols, where each CORSET span 1 OFDM symbol and occupy the same RBs in the frequency domain
The simulation assumptions are listed in the appendix, which are consistent with the simulation assumption agreement in RAN1 #92 [1]. 
The simulation results are presented in Figs. 1-2. From the results, we see that if the PDCCH transmission experiences sufficient diversity over frequency and space, then doing repetition over time (Scheme 2) offers similar BLER performance as having a higher AL (Scheme 1). This is the case with higher AL, rich channel multipath, and 4 Rx antennas.  However, if the channel does not have sufficient diversity, then PDCCH repetition suffers from a noticeable performance loss compared with using a larger AL. In some cases, this loss can be as large as 1 dB.  
Note that in Scheme 2, multiple blind decoding (BD) hypotheses with and without soft-combining of LLRs of the two PDCCHs need to be carried out to decode the potential PDCCH candidates. With PDCCH repetition, multiple BD hypotheses needs to be done, which increases UE side complexity. Nevertheless, it is important to make sure UE only performs channel estimation once for each CCE. Since UE does not know a priori whether the PDCCH (if any) will be repeated or not, independent channel estimation, demodulation and LLR generation operations being done per CCE only once needs to be assumed.
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Figure 1  PDCCH repetition vs non-repetition for TDL-C channel with 4 Rx antennas 
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Figure 2 PDCCH repetition vs non-repetition for TDL-A channel with 2 Rx antennas 
For example, PDCCH repetition across two CORESETS, UE needs to blindly decode three instances of the repetition (two assuming no repetition, the other one assuming with repetition across previous mini-slots). However, in such case, UE should not do 3 separate channel and interference estimations.
Observation 1: PDCCH repetition across multiple CORSETs suffers from some performance loss compared with having higher AL, unless the AL, the number of Rx antennas, and the channel delay spread (or more Tx cycle precoder cycling) are sufficient to offer sufficient diversity. 
PDCCH repetition design options and considerations 
When it comes to PDCCH repetition, there are at least two options: 1) repetition within slot/mini-slot (e.g., repetition over frequency), and 2) repetition across slots/mini-slots; see Fig. 3 for a graphical illustration of the two design options. 
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Figure 3 PDCCH repetition to increase aggregation level
From the link-level performance point of view, there is essentially no difference between repetition over frequency and having a larger aggregation level without repetition, which can simply be configured by gNB. As was shown in Section 2, Repetition across mini-slots may suffer from some performance loss or provides no link-level gain at all. In this section, we discuss the complexity issues of PDCCH repetition and its impact on system capacity. 
4.1 Complexity and Latency Issues of PDCCH Repetition 
From UE implementation complexity point of view, supporting a larger AL within one CORSET (essentially over frequency) is more preferable, since it is easier to achieve within the current NR PDCCH design framework, and is less demanding in terms of latency budget.
In contrast, for repetition across mini-slots may bring increased UE implementation complexity and increase the latency. Firstly, as we discussed in Section 2, in case of PDCCH repetition across two CORESETs, UE needs to blindly decode three instances of the repetition (two assuming no repetition, the other one assuming with repetition across previous mini-slots). Secondly, UE needs to buffer the reception in each mini-slot in order to do soft combining. Thirdly, additional mechanisms are needed to ensure that the UE understands whether the decoded PDCCH is the first copy (in time) or the second copy in order to find the (time-domain) resource allocation of PDSCH. Last but not least, if PDCCH alone is repeated across mini-slots, it adds up to the latency for control channel decoding and also the overall URLLC processing timeline. The tradeoff of latency for reliability is not clear in favor of PDCCH repetition for URLLC use cases (despite the added UE complexity). Also, another alternative to repetition is to have multi-symbol CORESET and large AL PDCCH to achieve better coverage.
Observation 2: PDCCH repetition over time increases the blind decoding complexity at the UE as well as the latency of transmission.  
4.2 PDCCH Blocking Issues with Higher Aggregation Level
It was argued in [3] that eMBB can only be scheduled at the beginning of the slot, while URLLC can be scheduled at multiple occasions within the slot. As a result, a 1 symbol AL16 PDCCH for URLLC in the beginning of the slot will block the scheduling of eMBB services. It was further claimed in [3] that PDCCH repetition over time could solve this blocking issue. 
In our view, the argument in [3] on PDCCH blocking is not convincing. First of all, the length of PDCCH CORSETs in NR can be configured to 1, 2, or 3 OFDM symbols. Therefore, in order to reduce the PDCCH blocking probability, a two-symbol or 3-symbol PDCCH can be used. Secondly, in the PDCCH repetition case, two copies of the URLLC PDCCH with AL 8 are transmitted in two mini-slots. However, an alternative solution would be to transmit a AL16 PDCCH only in the second mini-slot for URLLC. Both solutions incur the same latency and PDCCH reliability. And the alternative solution also alleviates the blocking issue for eMBB scheduling in the same way as PDCCH repetition (which can be simply done by gNB configuration and scheduling). As such, we believe that whether PDCCH is repeated or not will not impact the PDCCH blocking probability or the system capacity. 
Observation 3: PDCCH repetition over time does not alleviate the PDCCH blocking probability among eMBB or URLLC UEs.  
Conclusion
In this contribution, we provided some link-level simulation results, and shared our view on design options for PDCCH repetition and related complexity, latency, and PDCCH blocking issues. We make the following observations.
Observation 1: PDCCH repetition across multiple CORSETs suffers from some performance loss compared with having higher AL, unless the AL, the number of Rx antennas, and the channel delay spread (or more Tx cycle precoder cycling) are sufficient to offer sufficient diversity. 
Observation 2: PDCCH repetition over time increases the blind decoding complexity at the UE as well as the latency of transmission.  
Observation 3: PDCCH repetition over time does not alleviate the PDCCH blocking probability among eMBB or URLLC UEs.  
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Appendix
The simulation assumptions used in Section 2 and Section 4 are summarized in the table below.
Table 4 Simulation assumptions in Section 2 and Section 4
	Parameters
	Value
	Notes

	DCI payload (excluding 24bits CRC)
	40bits, 30bits
	

	System bandwidth
	20MHz and 40 MHz
	40 MHz only for 1 symbol PDCCH with AL=16 

	Carrier Frequency
	4GHz, 700 MHz
	

	Number of symbols for CORESET
	1, 2
	

	CORESET BW (contiguous PRB allocation)
	20MHz, 40MHz
	

	Subcarrier spacing
	30KHz
	

	Aggregation level
	8, 16
	

	Transmission type
	Interleaved
	

	REG bundling size
	6
	

	Modulation 
	QPSK
	

	Channel coding
	Polar code (DCI)
	

	Channel decoding
	Successive list decoding with list 8
	

	Transmission scheme
	1-port precoder cycling
	

	Channel estimation
	Realistic (MMSE)
	

	Noise estimation
	Realistic 
	

	Channel model
	TDL-A (delay spread: 30ns)
TDL-C (delay spread: 300ns) 
	

	UE speed
	3 km/h
	

	Number of BS antennas
	2Tx
	

	Number of UE antennas
	4Rx for 4G, 2Rx for 700MHz
	

	Residual target BLER 
	10^-5
	Applied to one-shot tx, PDCCH repetition, HARQ, and others

	Deployment
	Urban macro as listed in 3GPP 38.802
	

	SINR target
	Look at SNR curve
	





8/8
image1.emf
-14 -13 -12 -11 -10 -9 -8 -7 -6 -5 -4

SNR

10

-6

10

-5

10

-4

10

-3

10

-2

10

-1

10

0

B

L

E

R

TDLC 300ns, 4 Rx

40 bits DCI, AL=8, repetition

40 bits DCI, AL=16

40 bits DCI, AL=8

40 bits DCI, AL=4, repetition


image2.emf
-12 -10 -8 -6 -4 -2 0

SNR

10

-6

10

-5

10

-4

10

-3

10

-2

10

-1

10

0

B

L

E

R

TDL-A channel 30 ns DS, 2 Rx 

40 bits DCI, AL=16

40 bits DCI, AL=8

40 bits DCI, AL=8, repetition

40 bits DCI, AL=4, repetition


image3.png
PDCCH PDCCH PDCCH

PDCCH

Repetition within Repetition across
min-slot mini-slot




