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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
CCE size and bundling size were considered in the last RAN1 meeting as follows,
Agreements:
· CCE = 6 REGs (confirm Working Assumption)
· One of following is configured for REG-to-CCE mapping for a 1-symbol CORESET:
· Opt.1: No interleaving – 6 REGs for a given CCE are grouped to form a REG bundle and all REGs for a given CCE are consecutive
· CCE(s) of one PDCCH is/are also consecutive
· FFS: Whether the UE can assume the same precoder across multiple REG bundles
· Opt.2: Interleaving – [2 or 3 or 6] REGs for a given CCE are grouped to form a REG bundle and REG bundles are interleaved in the CORESET
· FFS: Whether the UE can assume the same precoder across multiple REG bundles
· FFS: down selection among {2}, {3}, {2,3}, {2,6}, {3,6}, {2,3,6}
· Note: UE can assume the same precoder within a REG bundle
· For REG-to-CCE mapping for a CORESET with more than 1-symbol;
· REG bundle is defined in time and frequency-domain
· At least support following:
· Time-first mapping where one of the following is configured
· Support REG bundle in time-domain being equal to the CORESET semi-statically configured time duration
· Opt.1: Non interleaving - 6 REGs for a given CCE are grouped to form a REG bundle and all REGs for a given CCE are time and frequency localized
· FFS: Whether the UE can assume the same precoder across multiple REG bundles
· Opt.2: Interleaving – [2 or 3 or 6] REGs for a given CCE are grouped to form a REG bundle and REG bundles are interleaved in the CORESET
· FFS: Whether the UE can assume the same precoder across multiple REG bundles
· FFS: time-domain precoder-cycling
· Support REG bundle in time-domain being equal to 1 symbol, or;
· Support following:
· REG-to-CCE mapping is exactly same as the case where a CORESET with 1 symbol
· A PDCCH candidate can be mapped across OFDM symbols
In this contribution, further investigation on bundling size are provided, performance comparing different AL are provided based on link level simulation. 
2. Discussion
The following assumptions are considered,
· DCI size = 76-bits (including 16-bit CRC)
· Single-port precoding cycling is considered in the simulation. 
· One symbol PDCCH. The DMRS for PDCCH is provided in Annex A.
· Distributed mapping is considered for CCE-to-REG mapping
· 3 Km/h, TDL-C, 30ns, 300ns, 1000ns
· Annex A provides the other simulation assumptions
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Figure 1. Performance for NR-PDCCH with different ALs and bundling sizes
It can be observed from Figure 1 that for the precoding cycling scheme, distributed resource allocation with different aggregation levels, when delay spread = 30 ns,
· For AL=1, bundling size =1 outperforms others at high SNR region, and bundling size =6 outperforms at low SNR region
· For AL=2, bundling size =2 outperforms others at high SNR region, and bundling size =6 outperforms slightly at low SNR region
· For AL=4, bundling size =3 outperforms others slightly at high SNR region, and bundling size =6 outperforms slightly at low SNR region
· For AL=8, bundling size =6 outperforms others
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Figure 2. Performance for NR-PDCCH with different ALs and bundling sizes
It can be observed from Figure 2 that for the precoding cycling scheme, distributed resource allocation with different aggregation levels, when delay spread = 300 ns,
· For AL=1, bundling size =1 outperforms others significantly 
· For AL=2, bundling size =2 outperforms others
· For AL=4, bundling size =2 performs similar as bundling size =3
· For AL=8, bundling size =3 outperforms others slightly
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Figure 3. Performance for NR-PDCCH with different ALs and bundling sizes
It can be observed from Figure 2 that for the precoding cycling scheme, distributed resource allocation with different aggregation levels, when delay spread = 1000 ns,
· For AL=1, bundling size =1 outperforms others, other 1% BLER can hardly be achieved in other bundling sizes. For AL=2, bundling size =2 outperforms others
· For AL=4, bundling size =2 outperforms others
· For AL=8, bundling size =2 outperforms others
Based on the above evaluation results, different optimal bundling sizes are observed for different PDCCH aggregation levels. Additionally, to guarantee the PDCCH performance with AL=1, bundling size=1 should be supported.
Proposal 1 : Bundling size=1 should be supported to guarantee the PDCCH performance with AL=1
Proposal 2: Different REG-bundling sizes should be specified, e.g. for differnt PDCCH aggregation levels. 
3. Conclusion
This contribution discusses some considerations on bundling size. In summary, it is proposed that, 
Proposal 1 : Bundling size=1 should be supported to guarantee the PDCCH performance with AL=1
Proposal 2: Different REG-bundling sizes should be specified, e.g. for differnt PDCCH aggregation levels. 
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Annex A. Simulation assumptions
Table A-1 Link-level simulation assumptions
	Parameter
	Assumption

	Bandwidth
	20 MHz

	Channel model
	3 Km/h, TDL-C, 30ns, 300ns,1000ns

	Channel estimation
	Ideal MMSE

	Resource allocation
	One OFDM symbol is reserved for CCE mapping

	
	One PRB for one REG

	 Control Channel Payload
	35-bit / 60-bit payload, 16-bit CRC

	Coding scheme
	Polar Code

	Modulation Scheme
	QPSK, Max-log-likehood algorithm

	Subcarrier spacing
	15kHz

	Symbol length
	Normal CP 160Ts + 2048 Ts, Ts =1/30.72us 

	Antenna Model
	2 Tx, 2 Rx

	Transmission scheme
	1-port Precoder cycling, OCC = [1 -1], RS pattern in Figure A1-1

	CCE size
	4 / 6 RBs, 1/3 RS overhead
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Figure A-1. RS pattern for PDCCH
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