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1. [bookmark: _Ref449341288][bookmark: _Toc273549427]Introduction
In the last RAN1 meeting, some conclusions were reached about the DL control channel design [1]:
Working assumption:
· One-port transmit diversity scheme with REG bundling per CCE is used for NR-PDCCH
· FFS the bundling size
· FFS: REG bundling is also for localized mapping in time and/or frequency-domain
Agreements:
· MU-MIMO is supported NR-PDCCH using at least non-orthogonal DMRS.
· FFS: orthogonal DMRS for UE-specific NR-PDCCH
In this contribution, we give our views on DMRS sequence and DMRS overhead reduction of NR-PDCCH. Simulation results are given for DMRS overhead reduction.
2. DMRS sequence for NR-PDCCH
1. 
1. 
2. 
In LTE, CRS sequence for PDCCH is generated according to the system bandwidth and DMRS for ePDCCH is generated according to the system bandwidth and the number of DMRS symbols during one PRB. In NR, new requirements are introduced. One DCI message is located within one control resource set [2]. UEs with different bandwidth capabilities can access the same NR carrier regardless of the NR carrier bandwidth. The maximum interleaving region for NR PDCCH may be one control resource set [3]. The generation of DMRS sequence for NR PDCCH should be considered accordingly. 
Following possible approaches for NR PDCCH DMRS sequence generation could be considered:
· DMRS sequence is generated according to the system bandwidth.
· DMRS sequence is generated according to the bandwidth corresponding to one CORESET.
· DMRS sequence is generated according to the UE bandwidth.
Comparing the above approaches, all of them can make non-orthogonal or orthogonal MU for UEs with the same bandwidth. Only the first one, i.e. DMRS sequence for NR PDCCH is generated according to the system bandwidth, is benefit for MU between UEs with different bandwidth. It also support CoMP between gNBs with different bandwidth. As a result, we propose DMRS sequence for NR PDCCH is generated according to the system bandwidth should be supported for NR PDCCH. PN sequence is still a good choice for this DMRS sequence. Further, similar to DMRS for ePDCCH, DMRS sequence generation for NR PDCCH is also related to the duration of control region. However, different CORESET may be with different duration. A maximum duration should be defined for NR PDCCH DMRS sequence generation such as maximum CORESET duration, according to which DMRS sequence is generated. One example for NR PDCCH DMRS sequence generation is showing in the following Figure 1. 


Figure 1 One example for DMRS sequence generation
In Figure 1, DMRS sequence is generated according to the system bandwidth and the maximum CORESET duration. In sequence generation, we assume DMRS RE is in every symbol during the maximum CORESET duration. In another way, DMRS sequence is generated according to the maximum CORESET duration and truncated according the transmitting OFDM symbols. Then, UE can obtain its DMRS sequence from the above DMRS sequence according to the resource transmitting this DCI.
Besides, since non-orthogonal DMRS for MU-MIMO is supported for NR-PDCCH, interference cancellation gets necessary for NR-PDCCH. Thus, the scrambling parameter of PN sequence for NR PDCCH DMRS should be configured other than UE RNTI. The configured scrambling parameter of 1 UE can be used to implicitly derive other paired UE’s scrambling parameter for interference cancellation. This will allow better MU-MIMO operation.
Proposal 1: NR PDCCH DMRS sequence is generated according to the system bandwidth and the maximum CORESET duration. 
· PN sequence can be the NR PDCCH DMRS sequence.
· The scrambling parameter of PN sequence for NR PDCCH DMRS should be configured for MU-MIMO user pairing.
3. DMRS overhead reduction for NR-PDCCH
1. 
4. 
5. 
As discussed in companion contribution [4], both time first and frequency first CCE-REG mapping should be supported for NR PDCCH. One CORESET could be configured either time first or frequency first mapping. As a result, one of benefits of time first mapping could be supported of DMRS overhead reduction.
In this section, we compare the following cases for comparing the performance of NR PDCCH with and without DMRS overhead reduction and time first mapping is assumed:
Case 1-1: NR PDCCH is transmitted assuming localized mapping and closed loop rank 1 transmission scheme without DMRS overhead reduction.
Case 1-2: NR PDCCH is transmitted assuming localized mapping and closed loop rank 1 transmission scheme with DMRS overhead reduction.
Case 2-1: NR PDCCH is transmitted assuming localized mapping and precoder cycling transmission scheme without DMRS overhead reduction.
Case 2-2: NR PDCCH is transmitted assuming localized mapping and precoder cycling transmission scheme with DMRS overhead reduction.
When DMRS overhead reduction is not used, DMRS RE exists DMRS REs exist in every OFDM symbol, e.g. Figure 2(a). Otherwise, DMRS REs are only in the first OFDM symbol as Figure 2(b). 


Figure 2 W/o and w/ DMRS overhead reduction
Bundling size of 3 is applied for precoder cycling transmission. This means 3 PRBs in frequency domain for all the PDCCH symbols using the same one precoder [5]. When closed loop rank 1 transmission scheme is used, all PRBs of the NR-PDCCH use the same precoder. 
Further detailed simulation parameters can be found in the appendix, and the simulation results are shown in the following where the label ‘wOR_ALi’ means ‘with overhead reduction for AL i(i=1/2/4/8)’ and the label ‘w/o OR_ALi’ means ‘without overhead reduction for AL i(i=1/2/4/8)’. 

(a) Delay spread = 30ns

(b) Delay spread = 300ns

(c) Delay spread = 1000ns
Figure 3 Close loop rank 1 transmission w/ and w/o DMRS overhead reduction

(a) Delay spread = 30ns

(b) Delay spread = 300ns

(c) Delay spread = 1000ns
Figure 4 Precoder cycling transmission w/ and w/o DMRS overhead reduction
From Figure 3 and Figure 4 it can be seen that the performance of NR PDCCH with DMRS overhead reduction outperforms that without DMRS overhead reduction for AL1~4. Lower ALs have higher performance gain than that without DMRS overhead reduction. It is due to that DMRS overhead reduction makes coding rate for PDCCH transmission becomes higher. Overhead issue impacts more for the PDCCH with lower AL since its coding rate is already high and more sensitive for the variation of the number of REs used for PDCCH.
Observation 1: The performance of NR PDCCH with DMRS overhead reduction outperforms that without DMRS overhead reduction. Lower ALs will result in more performance gain.
Proposal 2: DMRS overhead reduction should be supported for NR-PDCCH.
4. [bookmark: _GoBack]Conclusion
Based on the analysis given above, we have the following proposals:
Proposal 1: NR PDCCH DMRS sequence is generated according to the system bandwidth and the maximum CORESET duration. 
· PN sequence can be the NR PDCCH DMRS sequence.
· The scrambling parameter of PN sequence for NR PDCCH DMRS should be configured for MU-MIMO user pairing.
Observation 1: The performance of NR PDCCH with DMRS overhead reduction outperforms that without DMRS overhead reduction. Lower ALs will result in more performance gain.
Proposal 2: DMRS overhead reduction should be supported for NR-PDCCH.
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6. Appendix
Table 1 Simulation Assumptions
	Item
	Value

	Channel
	TDL-A, 
DS = 30ns, 300ns,1000ns
Speed = 3kmph

	RS overhead
	33%

	Antenna
	2*2

	Numerology
	[bookmark: OLE_LINK4]BW = 10Mhz, SCS = 15kHz, 50 RB

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

	CCE
	6 REGs/CCE

	PDCCH payload
	60+16(CRC)

	Number of OFDM symbols for PDCCH
	2

	coding
	TBCC

	Modulation 
	QPSK

	Frequency
	4GHz

	Receiver
	MMSE

	Transmit scheme
	1) closed loop rank 1 transmission
2) 1 port precoder cycling

	Mapping scheme
	localized



Close loop,60+16CRC,DS300ns
wOR_AL1	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	1	0.986	0.925	0.766	0.539	0.331	0.154	0.065	0.022	0.003	0	w/o OR_AL1	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	1	0.999	0.987	0.902	0.709	0.491	0.295	0.142	0.058	0.025	0.004	wOR_AL2	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	1	0.719	0.583	0.33175	0.15875	0.05625	0.012	0.0015	0.0005	0	0	w/o OR_AL2	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	0.88	0.754	0.534	0.288	0.20775	0.08025	0.028	0.00675	0.00125	0	0	wOR_AL4	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	0.945	0.794	0.533	0.318	0.12125	0.03225	0.00375	0	0	0	0	0	w/o OR_AL4	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	0.972	0.815	0.536	0.2475	0.0865	0.018	0.00075	0	0	0	0	0	wOR_AL8	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.861	0.643	0.368	0.12625	0.02975	0.00575	0	0	0	0	0	0	0	w/o OR_AL8	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.949	0.718	0.368	0.126	0.033	0.0095	0.0025	0	0	0	0	0	0	SNR

BLER



Close loop,60+16CRC,DS1000ns
wOR_AL1	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	0.998	0.991	0.947	0.848	0.672	0.437	0.227	0.096	0.034	0.005	0	w/o OR_AL1	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	1	1	0.983	0.926	0.795	0.618	0.395	0.193	0.0880000000000001	0.03	0.00800000000000001	wOR_AL2	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	1	0.864	0.681	0.367	0.15625	0.04775	0.00875	0.001	0	0	0	w/o OR_AL2	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	1	0.91	0.702	0.395	0.15375	0.03725	0.00825	0.00075	0	0	0	wOR_AL4	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	0.961	0.764	0.457	0.2	0.05825	0.0085	0.00125	0	0	0	0	0	w/o OR_AL4	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	0.983	0.882	0.602	0.29	0.0645	0.00975	0.00025	0	0	0	0	0	wOR_AL8	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.865	0.541	0.2975	0.09375	0.0115	0	0	0	0	0	0	0	0	w/o OR_AL8	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.945	0.698	0.3765	0.084	0.007	0	0	0	0	0	0	0	0	SNR
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Precoder cycling,60+16CRC,DS30ns
wOR__AL1	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	1	0.999	0.979	0.906	0.751	0.516	0.266	0.13	0.049	0.026	0.01	w/o OR_AL1	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	1	1	0.999	0.97	0.893	0.711	0.453	0.229	0.107	0.034	0.021	wOR_AL2	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	0.976	0.855	0.52	0.235	0.0725	0.02075	0.00475	0.00075	0	0	0	w/o OR_AL2	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	0.995	0.934	0.716	0.3905	0.1545	0.047	0.0065	0.001	0	0	0	wOR_AL4	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	0.969	0.815	0.547	0.1805	0.053	0.015	0.00375	0.0005	0	0	0	0	w/o OR_AL4	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	0.986	0.851	0.583	0.20025	0.06425	0.01525	0.00475	0	0	0	0	0	wOR_AL8	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.971	0.815	0.446	0.14875	0.04575	0.01125	0.00275	0	0	0	0	0	0	w/o OR_AL8	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.977	0.806	0.508	0.217	0.0455	0.004	0	0	0	0	0	0	0	SNR
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Precoder cycling,60+16CRC,DS300ns
wOR__AL1	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	1	0.997	0.939	0.788	0.585	0.395	0.244	0.152	0.081	0.034	0.004	w/o OR_AL1	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	1	1	0.989	0.923	0.739	0.553	0.376	0.23	0.136	0.075	0.027	wOR_AL2	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	1	0.9315	0.659	0.35925	0.1245	0.0355	0.0105	0.00175	0.00025	0	0	w/o OR_AL2	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	1	0.934	0.699	0.309	0.1145	0.0265	0.001	0	0	0	0	wOR_AL4	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	0.955	0.753	0.392	0.21475	0.05025	0.0145	0.00175	0.00025	0	0	0	0	w/o OR_AL4	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	0.995	0.923	0.634	0.25925	0.06425	0.007	0.00025	0	0	0	0	0	wOR_AL8	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.963	0.805	0.4905	0.133	0.0265	0.00225	0.00025	0	0	0	0	0	0	w/o OR_AL8	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.89	0.599	0.253	0.058	0.015	0.0005	0	0	0	0	0	0	0	SNR
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Precoder cycling,60+16CRC,DS1000ns
wOR__AL1	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	1	0.998	0.98	0.875	0.692	0.459	0.267	0.121	0.038	0.011	0	w/o OR_AL1	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	1	0.999	0.997	0.96	0.863	0.633	0.421	0.22	0.102	0.035	0.007	wOR_AL2	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	0.994	0.9255	0.7125	0.3445	0.105	0.015	0.0025	0.00025	0	0	0	w/o OR_AL2	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	0.995	0.965	0.83	0.501	0.1745	0.035	0.0035	0	0	0	0	wOR_AL4	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	0.993	0.911	0.615	0.2835	0.06125	0.00575	0.00025	0	0	0	0	0	w/o OR_AL4	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	0.984	0.792	0.35025	0.0825	0.00775	0.00025	0	0	0	0	0	wOR_AL8	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.992	0.891	0.5195	0.1195	0.005	0	0	0	0	0	0	0	0	w/o OR_AL8	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.987	0.883	0.604	0.154	0.0045	0	0	0	0	0	0	0	0	SNR
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Close loop,60+16CRC,DS30ns
wOR_AL1	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	1	0.994	0.936	0.737	0.473	0.246	0.119	0.041	0.016	0.012	0.005	w/o OR_AL1	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	1	0.999	0.986	0.893	0.681	0.418	0.212	0.083	0.037	0.018	0.01	wOR_AL2	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	0.99	0.97	0.747	0.509	0.25325	0.12175	0.0595	0.0205	0.009	0.0045	w/o OR_AL2	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	1	0.99	0.85	0.612	0.345	0.16775	0.079	0.03575	0.01475	0.006	wOR_AL4	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	0.867	0.658	0.397	0.2055	0.0835000000000001	0.03975	0.018	0.007	0.001	0.00025	w/o OR_AL4	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	1	0.92	0.747	0.48	0.2575	0.1225	0.05575	0.02475	0.00925	0.00225	0	wOR_AL8	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.795	0.533	0.3	0.11525	0.04675	0.0255	0.01225	0.00325	0.0005	0	0	w/o OR_AL8	-12	-10	-8	-6	-4	-2	0	2	4	6	8	10	12	0.854	0.639	0.369	0.168	0.052	0.021	0.006	0	0	0	0	SNR
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