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Introduction
RAN1 has discussed the transmission diversity schemes and related number of RS ports. There are several candidates are under consideration. One further issue is the value of bundle size with or without interleaving. The selection will consider performance transmit scheme and complexity.
This contribution compares the performance of different bundle size under assumption of distributed mapping and precoder cycling.
Transmission/mapping scheme and bundle sizes
PDCCH transmit related WA and agreements were reached at RAN1 #88bis meeting:
Agreements:
· A CCE may be mapped to REGs with interleaved or non-interleaved REG indices within a CORESET
· Definition of a REG bundle: The UE may assume that the same precoder is used for the REGs in a REG bundle and that the REGs in a REG bundle are contiguous in frequency and/or time 
· REG bundling per CCE is supported for NR-PDCCH
Working assumption:
·  A NR-CCE is defined as 6 REGs
· Candidate bundle sizes for distributed REG-to-CCE mapping: 2 or 3 REGs if NR-CCE is defined as 6 REGs
The bundle size will affect the frequency diversity gain of distribution mapping. It will also impact the channel estimation. For localized mapping, the bundle sizes also are important. However, localized mapping may be applied for close loop scheme to explore the channel information. Then, the bundle size selection will be quite different to distributed mapping. Moreover, the distributing mapping should also associate the bundle size as the interleaving granularity, which will require fixed size of bundle.
Evaluation of different bundle size
[bookmark: _GoBack]In the simulations, we use distributed mapping and frequency first mapping. For a certain aggregation level (AL), all bundled REG sets are uniformly distributed in the whole CORESET bandwidth as shown in Figureure 1. Other simulation parameters are shown in Appendix 1.
We only compare the performance of bundle size 2 and 3. Bundle size 1 will result in poor channel estimation performance and then dramatically degrade PDCCH performance. 6 REG/CCE is agreed as working assumption, the number of REs of PDCCH cannot be exactly divided by bundle size 4 in the case of AL = 1. For bundle size 6, it is difficult to have no frequency diversity gain is achieved for AL = 1. We also believe bundle size of other odd numbers should not be considered.
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[bookmark: _Ref481768940]Figureure 1 Illustration of Distributed Mapping
[bookmark: _Ref481771723]The selection of bundle size is a trade-off between accuracy of channel estimation and diversity gain, i.e. larger bundle size means higher channel estimation performance and less diversity gain. The simulation results of larger payload are shown in Figure 2, Figure 3 and Figure 4 for RMS delay spread 30, 300, 1000ns respectively. It can be observed that for large AL, bundle size 3 has better performance than bundle size 2. While for small AL, we will have an opposite observation, i.e. bundle size 2 outperforms bundle size 3. This is because for large bundle size, large bandwidth of PDCCH already enables some frequency diversity gain. Meanwhile PDCCH with larger bundle size can also sufficiently try different precoders and then have enough diversity gain. At this time, PDCCH performance is mainly decided by accuracy of channel estimation, so bundle size 3 has better performance. The small ALs may not be able to obtain enough diversity gain from frequency diversity and precoder cycling when a large bundle size is used. As a consequence, bundle size 2 shows better performance in that case. 
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[bookmark: _Ref481782582]Figure 2 large payload+DS30ns
[image: ]
[bookmark: _Ref481782584]Figure 3 large payload + DS300ns
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[bookmark: _Ref481782586]Figure 4 large payload + DS1000ns
Simulation results of small payload are shown in Appendix 2. For small payload, we have similar observation to large payload size. Moreover, it can also be observed that bundle size 3 has better performance in most of cases. Thus, it is suggested at least bundle size 3 is adopted by NR and further study whether or not bundle size 2 is supported. 
Proposal: Bundle size 3 is adopted by NR for distributed REG-to-CCE mapping. RAN1 further study other cases, e.g. localized REG-to-CCE mapping, bundle size 2.
Conclusion
In this contribution, we analyzed the performance of different bundling size under assumption of distributed mapping and precoder cycling. Meanwhile, frequency first mapping is used during the simulation. Based on the analysis given in above, we propose: 
Bundle size 3 is adopted by NR for distributed REG-to-CCE mapping. RAN1 further study other cases, e.g. localized REG-to-CCE mapping, bundle size 2.
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Appendix 1
Table 1 Simulation Assumptions
	Item
	Value

	Channel
	TDL-A, DS = 300ns, Speed = 3kmph

	Subcarrier spacing
	15kHz

	BW of CORESET
	10MHz

	RS overhead
	33%

	Antenna
	2*2

	Numerology
	BW = 10Mhz, SCS = 15kHz, 50 RB

	Aggregation level (AL)
	1,2, 4,8


	CCE
	6 REG/CCE

	PDCCH payload
	20/60+16(CRC)

	Number of OFDM symbols for PDCCH
	1

	Coding
	TBCC

	Modulation 
	QPSK

	Frequency
	4GHz

	Receiver
	MMSE


Appendix 2
[image: ]
Figure 5 small payload + DS30ns
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Figure 6 small payload + DS300ns
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Figure 7 small payload + DS1000ns
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