3GPP TSG RAN WG1 Meeting #91 
R1-1719554
Reno, USA, November 27th – December 1st, 2017
Agenda Item: 7.3.1.2
Source: MediaTek Inc.

Title: 
Remaining Issues on Search Space
Document for: Discussion
1 Introduction
In this paper, we provide the views on the following aspects.

· CORESET resource allocation

· Necessity of aggregation level 16

· Number of blind decodes and UE capability
2 CORESET resource allocation
The resource allocation (RA) type 0 with granularity 6 RBs was agreed to be used for the CORESET RA. But the reference point of RA is not clear. For the CORESET configured by RMSI or UE-specific RRC signalling, the following reference points can be considered as the reference point of RA.

· Alt 1. The RA is based on the actual RB indexing of a carrier. Therefore, the UEs within the carrier have the same RB grid.

· Alt 2. The RA is based on the BWP RB indexing. That is, the RB grid depends on the configured BWP and is UE-specific.

Compared with the Alt 1, the Alt 2 has the benefit of lower signalling overhead for RA configuration. Therefore, we prefer Alt 2. But, the price for the signalling saving is a potentially higher PDCCH blocking rate among the UEs because the RA granularities in frequency domain for the BWP and CORESET are different. In the following, we propose a method to avoid the increase of PDCCH blocking rate when Alt 2 is used. 
The granularities for the BWP and CORESET are 1 RB and 6 RBs, respectively. Considering the situation in Figure 1, the BWP1 and BWP2 are allocated in the same carrier and configured to UE1 and UE2, respectively. Two BWPs are partially overlapped and the CORESETs within different BWPs are partially overlapped in physical resources as well. The notation 
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 are the BWP-specific RB indexing for the BWP1 and BWP2, respectively. For the UE1’s CORESET, the first RB indexing in the BWP and carrier are 
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. For the UE2’s CORESET, the first RB indexing in the BWP and carrier are 
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. The frequency bandwidth and the starting RB of the BWP in a carrier is not restricted. Hence, it cannot be guaranteed the actual RB grid of CORESETs in different BWPs are aligned. In this case, a PDCCH candidate in one CORESET, e.g., UE1’s CORESET, may block more than one PDCCH candidates in the other CORESET, e.g., UE2’s CORESET, if their search spaces are partially overlapped. To improve the blocking rate, the additional offset 
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 with granularity 1 RB can be applied to the Alt 2 to make the actual starting RB indexing of the CORESETs, i.e., 
[image: image11.wmf]'

6

start

BWP,

RB

Carrier

RB

k

k

N

n

+

+

=

, a multiple of 6 RBs, where 
[image: image12.wmf]5

'

0

£

£

k

. With this, the actual RB grid of CORESETs in different BWPs can be aligned in the carrier. And this can help to reduce the PDCCH blocking rates for the UEs in different BWPs.
Based on the discussions, we have the following proposals.

Proposal #1: The RB indexing of the CORESET resource allocation is associated to the RB indexing of the corresponding BWP.
Proposal #2: The offset with granularity 1 RB can be applied to the CORESET resource allocation to alleviate the PDCCH blocking rates.
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Figure 1. Illustration of CORESET resource allocation
3 Necessity of aggregation level 16
One remaining issue on the search space is whether to support the aggregation level (AL) greater than 8, e.g., AL16 or 32. In this section, we discuss the necessity of higher ALs based on the evaluation results. Table 1 shows the simulation assumptions. And the Table 2 and 3 provide the SNR operation points at BLER 1% for 2TX and 4TX cases, respectively. From the SLS results, the DL geometry for the 5% cell-edge users is around -4 dB when the antenna configurations are 4TX2RX without beamformed. According to the DCI size estimated in the [90b-NR-25] email discussion, the size without CRC for the fallback DCI is around 40 bits. Thus, we can assume that the DCI size without CRC for the cell-specific information or fallback DCI would not be larger than 40 bits. From the Table 3, the SNR operation points at BLER 1% are about -7dB and -4.5dB for the DCI size 20 and 60 bits, respectively. Based on the observations, the AL8 is sufficient to achieve BLER 1% for the cell-edge users at least for the eMBB services.
Moreover, the cell coverage can be further extended by applying the following techniques.

· Extend the control duration to 3 OFDM symbols, or

· Increase the number of TX antennas, etc.
· Compared with the performance of 2TX, increasing the TX number to 4 provides the significant gain especially in non-frequency selective channel. From the Table 2 and 3, the gains for 4TX case are around 1 dB and 0.4 dB for the channels with TDL-C RMS delay spread 30 ns and 300 ns, respectively.

Therefore, based on the analysis, we don’t see the need to support AL16 at least for eMBB. Consequently, we propose

Proposal #3: At least for eMBB, aggregation level larger than 8 is not supported for PDCCH.
Table 1. Simulation assumptions 
	Parameters
	Value

	Carrier frequency
	4GHz

	Time duration of CORESET
	2 OFDM symbols

	Channel model
	TDL-C, DS = 30ns/300ns
Speed = 3km/h

	Antenna port configuration
	2*2/4*2

	Bandwidth
	20MHz

	DCI payload size
	20/60 + 24 CRC bits

	Aggregation level
	8, 16

	Row of interleaver
	3

	Channel coding
	Polar

	Modulation
	QPSK

	Channel Estimation
	MMSE-based

	Transmission scheme
	Precoder cycling

	REG bundle size
	6 

	RS configuration
	Not wideband RS


Table 2. SNR operation points at BLER 1% for 2TX
	2TX, Required SNR at BLER 1% [dB]
	DCI 20 bits
	DCI 60 bits

	RMS DS 30ns
	AL8
	-5.738
	-3.414

	
	AL16
	-7.793
	-5.627

	RMS DS 300ns
	AL8
	-6.891
	-4.462

	
	AL16
	-9.387
	-7.195


Table 3. SNR operation points at BLER 1% for 4TX
	4TX, Required SNR at BLER 1% [dB]
	DCI 20 bits
	DCI 60 bits

	RMS DS 30ns
	AL8
	-6.825
	-4.383

	
	AL16
	-9.015
	-6.782

	RMS DS 300ns
	AL8
	-7.295
	-4.856

	
	AL16
	-9.710
	-7.592


4 Number of blind decodes and UE capability
In our view, for non-CA, the maximum number of PDCCH blind decodes per slot is given in the table below. The number is the same for PDCCH monitoring periodicity of 14 or more OFDM symbols and periodicity of less than 14 OFDM symbols.
	No. of PDCCH BDs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Periodicity of 14 or more symbols
	44
	32
	24
	16

	Periodicity of less than 14 symbols
	44
	32
	24
	16


The constraint on the complexity of channel estimations for blind decodes is defined such that 8AL8 + 4AL4 + 2AL2 + AL1 <= Y, where AL8, AL4, AL2, and AL1 are the number of PDCCH candidates for AL=8, 4, 2, 1 in a slot, respectively. In our view, the values of Y are given in the following table. 

The value 74 comes from the assumption of AL8=2+2=4, AL4=2+4=6, AL2=6, AL1=6 as in LTE.
The value 59 for SCS = 30kHz comes from AL8=ceil(4/44*32)=3, AL4=ceil(6/44*32)=5, AL2=ceil(6/44*32)=5, and AL1=ceil(6/44*32)=5.

	No. of CCEs that the UE can perform channel estimation per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Periodicity of 14 or more symbols
	74
	59
	52
	37

	Periodicity of less than 14 symbols
	74
	59
	52
	37


Regarding UE capability for blind decodes, all UEs support PDCCH monitoring periodicity of 14 or more OFDM symbols. PDCCH monitoring periodicity less than 14 OFDM symbols is optional, and only some UEs support it.

Proposal #4: PDCCH monitoring periodicity of 14 or more 14 OFDM symbols is a mandatory feature.

Proposal #5: PDCCH monitoring periodicity less than 14 OFDM symbols is an optional feature.

5 Conclusions

In this paper, we discuss the remaining issues on the search space. And according to the discussions and evaluation results, we have the following proposals.
Proposal #1: The PRB indexing of the CORESET resource allocation is associated to the PRB indexing of the corresponding BWP.

Proposal #2: The offset with granularity 1 RB can be applied to the CORESET resource allocation to alleviate the PDCCH blocking rates.
Proposal #3: At least for eMBB, aggregation level larger than 8 is not supported for PDCCH.
Proposal #4: PDCCH monitoring periodicity of 14 or more 14 OFDM symbols is a mandatory feature.

Proposal #5: PDCCH monitoring periodicity less than 14 OFDM symbols is an optional feature.
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