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1. [bookmark: _Ref449341288][bookmark: _Toc273549427]Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]In the RAN1 NR3 meeting, the agreements summarized below were reached about the DMRS pattern and the DL control channel design [1][2]. 
In this contribution we present simulation results for the PDCCH with ¼ DMRS overhead with equally distributed pattern at AL 8. The diversity scheme is CDD. For the DMRS pattern both wide band DMRS and self-contained DMRS have been simulated. After the simulation results are presented we make proposals on DMRS pattern.
In the second part of the contribution we investigate the PDCCH interleaving within a CORESET. 
	Agreements:
· Confirm the following working assumption:
· DM-RS density per REG is 1/4 at least for normal CP.
· FFS: orthogonal DMRS for MU-MIMO at RAN1 NR AH#3.
· FFS: URLLC
· DMRS density per REG for extended CP is same as that for normal CP
Working assumption:
· For a CORESET, precoder granularity in frequency domain is:
· Configurable between i) equal to the REG bundle size in the frequency domain; or ii) equal to the number of contiguous RBs in the frequency domain within the CORESET
· For ii), DMRS is mapped over all REGs within the CORESET.
Agreements:
· DMRS positions for PDCCH
· Working assumption: Equally-distributed within a REG



	
Agreements:
· Working assumptions are confirmed with the following details.
· For 1/2/3-symbol CORESET, REG bundle size of 6 is supported.
· A REG bundle size is as part of CORESET configuration for a CORESET configured by UE-specific higher-layer signalling.
· FFS: CORESET(s) configured by non UE-specific signaling.
· UE assumes that precoder granularity in frequency domain is equal to the REG bundle size in the frequency domain
· FFS: gNB can inform to the UE whether or not to assume the same precoder over multiple REG bundles.
· Note: more than one CORESET(s) with the UE-specific higher-layer signaling can be configured for the same UE
Agreements:
· Interleaving operates on REG bundles
· FFS: interleaving in the case if and when gNB informs to the UE to assume the same precoder over multiple REG bundles



2. Wide band DMRS vs. narrow band DMRS
In this section we provide performance comparisons for ¼ DMRS overhead with wide band and narrow band DMRS for interleaving CORESETs.
The 20+16CRC bit payload size is mainly for the common PDCCH and for the UE specific PDCCH in fall back mode, which primarily is used in the CORESET with interleaving. Therefore we here only provide BLER curves for the 20+16CRC bit payload size. The delay spreads 300ns and 1000ns are typical for a restricted coverage scenario, the results for these values are presented in Figure 1. The ‘bsi’ represents bundle size i (i=3/6), where ‘narrow’ means the DMRS only appears in a PDCCH and ‘wide’ means that the DMRS spans the whole CORESET bandwidth. Other simulation parameters are listed in Table A-1 of Appendix 1.
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(A) Delay spread = 1000ns
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(B) Delay spread = 300ns
Figure 1 - Performance comparison for wide band and narrow band DMRS 
From the BLER curves above, we find that narrow band DMRS has similar performance as wide band DMRS. Furthermore, a narrow band DMRS also can achieve the target of 1% BLER with SNR below -6dB.
Observation 1: For NR-PDCCH with interleaving CORESETs and a DMRS density of 1/4th, narrow band DMRS has similar performance as wide band DMRS.
As the simulations have shown, from the performance point of view, there is no need to introduce a wideband DMRS. It only has a marginal gain of approximately 0.7dB and also narrowband DMRS meets the performance requirements. Furthermore, the introduction of a wideband DMRS comes with several negative side effects that are listed below:
1) Wide band DMRS will result in more energy consumption at the gNB
Energy saving is one of the main design criteria for NR. An “always on” wide band DMRS will increase the energy consumption. Therefore, ”always on” wide band signals should be avoided as much as possible.
2) Wide band DMRS will result in more inter-cell interference
If CORESETs of different cells overlap in time and frequency, the inter-cell interference will become more serious due to the always on wide band DMRS.
3) Non efficient resource reuse of CORESETs and PDSCH
A typical use case is that only one PDSCH is scheduled CORESETs. Thus, it is very likely that only one PDCCH can be present at a time. In such case, the remaining REs of the CORESET could be re-used for PDSCH transmission. With wideband RS, however, such a reuse will not be possible.   
4) Nested structure will also reduce the channel estimation complexity
Channel estimation complexity can also be reduced by other means than wideband RS. The nested structure of a PDCCH can reuse the channel estimation complexity for higher AL candidates. Thus, it is not needed to introduce a wideband RS for complexity reduction reasons. 
5) Beam will be constrained to a certain direction
If wide band DMRS is used, the beam will be confined in a specific direction .This will cause restrictions on the scheduling.
6) Blind detection is the main factor of receiver complexity instead of channel estimation
7) As two CORESETs can overlap in time or frequency, the wideband DMRS will constraint the beam used for other PDCCHs.
Figure 2 shows two CORESETs which are overlapped in frequency with different duration.
[image: ].
Figure 2 - Overlapped CORESETs with different duration
In the example of figure 2, CORESET 2 spans 3 OFDM symbols and CORESET 1 spans only 1 OFDM symbol. If wide band DMRS is used in CORESET 1, the beam used for CORESET 2 will be constrained to the same beam as CORESET 1.Thus, the performance will degrade or the scheduling will be confined.
From the performance comparison and the analysis of other aspects, we propose that a larger precoder granularity should be used and wideband DMRS should not be supported.
Proposal 1: Wide band DMRS is not supported in NR.
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3. PDCCH interleaving
It has been agreed that a CCE may be mapped to REG with interleaving or non-interleaving REG indices within a CORESET, and REG bundles are interleaved in the CORESET. However, whether to support a pre-coding granularity of more than one REG bundle is still FFS. 
It is predicted that large pre-coding granularity is beneficial for the channel estimation, but it requires that some of the REG bundles of a PDCCH are contiguous, which may result in a decreased gain of transmit diversity. In LTE, the interleaving unit is REG and they are distributed in the whole control region in order to achieve maximum PDCCH transmit diversity. However, in NR not only good transmit diversity should be supported, but many other factors should be considered as well. For example, the blocking probability for potentially overlapping CORESETs, the multiplexing gain between different types of PDCCH, i.e. distributed/localized PDCCH, and PDSCH resource sharing with PDCCH, etc. As a result, different levels of tradeoff between transmit diversity gain and channel estimation gain should be achieved for different use cases according to different requirements. 
A feasible way is to support a configurable number of rows for a block inter-leaver, where REG bundle indices are written row-wise and read  column-wise, assuming that a REG bundle is the basic interleaving unit. The number of rows for a block inter-leaver can be configured together with a CORESET, and the number of rows depends on the REG bundle size is its special case. When more transmit diversity gain is required, a larger number of rows is configured.When more multiplexing gain is required, a small number of rows is configured. 


Figure 3 - The number of rows for a block inter-leaver is equal to 2


Figure 4 - The number of rows for a block inter-leaver is equal to 4
Take an example as shown in Figure 3 and Figure 4, when the number of rows for a block inter-leaver is configured to 2, a PDCCH of aggregation level 2 is spread into two non-contiguous clusters of REG bundles, while when the number of rows for a block inter-leaver is configured to 4, a PDCCH of aggregation level 2 is spread into four clusters of non-contiguous REG bundles. The same precoder can be assumed for REG bundles in a cluster, and the channel estimation gain can be improved. Actually, the number of configurable rows for a block inter-leaver determines the number of REG bundles in a cluster to do joint channel estimation, which impacts on the level of transmit diversity gain and channel estimation gain achievement. One cluster which contains one or more contiguous REG bundles in frequency can also be seen as a REG bundle group or set. In addition, this block inter-leaver may be used in a CORESET or multiple sub-regions of a CORESET respectively. 
Proposal 2: A block inter-leaver with configurable rows should be supported for NR-PDCCH for variety levels of tradeoff between transmit diversity and channel estimation gain. 
· The interleaving unit is a REG bundle. 
· Pre-coding granularity more than one REG bundle should be supported at least for interleaved NR-PDCCH. 
4. Conclusion
In this contribution we discuss wide band and narrow band DMRS patterns for interleaving CORESETs. The wideband DMRS only shows a marginal performance gain over the narrowband DMRS. Both schemes meet the target of BLER=1% with less than –6dB SNR. The support of a wideband DMRS would come with several negative side effects. 
Based on the simulations and analysis in the contribution, we are making the following observations and proposals:
Observation 1: For NR-PDCCH with interleaving CORESETs and a DMRS density of 1/4th, narrow band DMRS has similar performance as wide band DMRS.
Proposal 1: Wide band DMRS is not supported in NR.
Proposal 2: A block inter-leaver with configurable rows should be supported for NR-PDCCH for variety levels of tradeoff between transmit diversity and channel estimation gain. 
· The interleaving unit is a REG bundle. 
· Pre-coding granularity more than one REG bundle should be supported at least for interleaved NR-PDCCH. 
5. Reference
[1] 3GPP Chairman's Notes RAN1 NR#3
[2] 3GPP Chairman’s Notes RAN1 90
6. Appendix
6.1.  Appendix 1 
Table A-1 Simulation Assumptions
	Item 
	Value 
	Note 

	Channel 
	TDL-A
DS = 300ns, 1000ns
Speed = 3kmph
	

	Antenna 
	2*2
	

	Frequency
	4GHz
	

	Numerology 
	BW = 10MHz(50RB)
SCS = 15kHz
	

	DMRS overhead
	1/4
	3RS per REG

	Aggregation level
	8
	

	CCE size
	6 REGs per CCE
	

	Bundle size
	3/6
	

	Payload size
	20+16(CRC) 
	

	Transmit scheme
	sCDD
	

	Mapping scheme
	Interleaving
	

	CORESET duration
	3OFDM symbol(s)
	

	Coding
	TBCC
	

	Channel estimation 
	MMSE
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