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1 Introduction

In 3GPP RAN1#90bis meeting, PDCCH interleaver, DMRS pattern and DMRS sequence were discussed and the following agreements were achieved:
· NR support the following interleaver

· The number of rows A configured from {2, 3, and 6}, and the number of columns (P/A), where P is the number of interleaving unit for the given CORESET, and write in the row and read in the column

· No any further permutation is introduced

· Cyclic shift of the interleaving unit is applied based on the configurable ID which is independent parameter from the configurable ID for DMRS
· Confirm the WA: DMRS is evenly distributed within a REG

· DMRS REs are #1, #5, #9

· DMRS sequence is a Gold sequence as in LTE

· Note: in case if new Gold sequence is introduced for NR, this would be revisited

· DMRS sequence for NR-PDCCH is obtained according to a reference point in frequency domain.

· FFS the reference point

This contribution provides our views on remaining issues of PDCCH structure, including CCE-to-REG mapping and DMRS design for PDCCH. 
2 CCE-to-REG mapping

2.1 Remaining issue of interleaver
As already agreed in RAN1#90bis meeting, NR will support the following block interleaver: 

· The number of rows A configured from {2, 3, and 6}, and the number of columns (P/A), where P is the number of interleaving unit for the given CORESET, and write in the row and read in the column

· No any further permutation is introduced

· Cyclic shift of the interleaving unit is applied based on the configurable ID which is independent parameter from the configurable ID for DMRS.
Based on the above agreement, CCE j will consist of REG bundles f(6j/L), f(6j/L+1),…, f(6j/L+6/L-1), where L is the REG bundle size configured by higher layer. The interleaver f(·) can be defined by 
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 are the number of REGs within the CORESET. It should be noted that the number of columns C should be an integer number, which implies that 
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 should be multiple of A·L to avoid NULL filling in the interleaver matrix. This can be achieved by gNB implementation, since the above parameters are configured by RRC signaling. 

Regarding to cyclic shift of interleaving unit, to reduce collision probability between a CORESET with interleaved mapping and a CORESET with non-interleaved mapping, which was already agreed to be supported in RAN1 AH#3 meeting, the cyclic shift should be in 6-REG level in frequency domain. Otherwise it will cause higher blocking probability of PDCCH candidates when two CORESETs with interleaved and non-interleaved mapping are overlapped. An example is shown in Fig. 1, {CCE#0, CCE#1, CCE#2} of non-interleaved CORESET are collided by CCE#0 of interleaved CORESET. 
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Figure 1. High PDCCH blocking probability caused by non-6REG level shift in frequency domain.
If 6-REG level shift is employed, the number of blocked PDCCH candidates is reduced as shown in Fig. 2, only {CCE#0, CCE#1} of non-interleaved CORESET are collided by CCE#0 of interleaved CORESET. 
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Figure 2. PDCCH blocking probability reduction with 6-REG level shift in frequency domain.

Therefore, based on the configurable ID, the cyclic shift should be given by  
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Where 
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is the configurable ID for cyclic shift. 
Based on the above discussion, we can have the following proposal: 

Proposal 1: Cyclic shift of the interleaving unit for PDCCH is given by 
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is the configurable ID for cyclic shift, 
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is the number of OFDM symbols within the CORESET.    
2.2 Time-and frequency- first mapping
A CORESET can be configured with an interleaved or non-interleaved CCE-to-REG mapping. Based on the agreements in the previous meetings, only time-first CCE-to-REG mapping is supported.  As discussed in [1], frequency-first CCE-to-REG mapping can bring benefits in terms of latency reduction, multiplexing between CORESETs, multi-beam operation in a CORESET, control resource reuse for PDSCH transmission. Therefore, frequency-first CCE-to-REG mapping should be supported for a CORESET with more than 1-symbol. However, considering the tight time framework for phase 1 in Rel-15, frequency-first CCE-to-REG mapping could be further studied in later phase.

3 DMRS for PDCCH
3.1 DMRS structure for MU-MIMO
MU-MIMO using non-orthogonal DMRS with configurable ID for the initialization of DMRS sequence/scrambling was agreed for NR-PDCCH. One main concern is that mutual interference from co-scheduled UEs will result in degraded channel estimation. To mitigate the multi-user interference from the non-orthogonal transmission, the following option can be considered: 

· Option 1: Signaling paired DMRS ID(s) to a UE. For example, 
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 are used for DMRS sequence initialization of co-scheduled UE1 and UE2, respectively. UE1 can be configured Both IDs,
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, by RRC signaling, where 
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 is used for  channel estimation for itself and 
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 is for estimation of interference from co-scheduled UE2. Similarly, UE2 can be configured Both IDs,
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 for its channel estimation and interference estimation, respectively.
· Option 2: to adopt orthogonal DMRSs for MU-MIMO. One main issue is how to determine DMRS port assumed by UE for the decoding of its PDCCH. Similar to localized transmission of EPDCCH in LTE, the DMRS antenna port for NR-PDCCH can be derived from RNTI and lowest CCE index carrying the PDCCH. On top of the agreed DMRS pattern of 3 REs (#1, #5 and #9), length-3 OCC in frequency domain can be used.
Link level simulation was conduct for performance evaluation, under following three configurations:

· Config. 1: Non-orthogonal MU-MIMO with one configurable ID, no interference estimation;
· Config. 2: Non-orthogonal MU-MIMO with two configurable IDs: one for channel estimation and the other for interference estimation.
· Config. 3: MU-MIMO with orthogonal DMRSs, 3-point DFT vectors can be as OCC codes.
Under Config. 2 and 3, the interference from the paired UE is measured and MMSE receiver is used. More details on simulation assumption can be found in Appendix.

The simulation results are shown in Fig. 3. 
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Figure 3. The performance comparison on MU-MIMO under the various DMRS configurations

From the simulation results, the following observations can be achieved:

Observation 1: For low aggregation levels (e.g., 1 or 2), without interference measurement at the UE, MU-MIMO with non-orthogonal DMRS cannot work well.
Observation 2: For high aggregation levels (e.g., 4 or 8), MU-MIMO with orthogonal DMRS and non-orthogonal DMRS with or without interference mitigation have similar performance.

Observation 3: For low aggregation levels (e.g., 1 or 2), MU-MIMO with orthogonal DMRS can obtain performance gain over MU-MIMO with non-orthogonal DMRS.

Based on the above observations, we make the following proposals:
Proposal 2: A pair of configurable ID can be configured for MU-MIMO with non-orthogonal DMRS for interference mitigation.  
3.2 DMRS sequence for PDCCH
Gold sequence in LTE was agreed for DMRS sequence in RAN1#90bis meeting. And it was also agreed that DMRS sequence for NR-PDCCH is obtained according to a reference point in frequency domain.  Furthermore, for different symbol location in time domain, different sequence segment should be used for interference randomization, similar to that in LTE. Therefore, the DMRS sequence mapping to physical resource elements (k, l) can be given by 
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Where  
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 is defined relative to the BWP (bandwidth part) containing CORESET. Since PDCCH DMRS REs include #1, #5 and #9, it is easy to know that 
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Where 
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The symbol index 
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 is defined relative to the start of the slot,
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Where 
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 and 
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are the first symbol index and duration of the CORESET, which will be provided by higher layer parameter [CORESET-start-symb] and [CORESET-time-duration] for UE specific CORESET respectively and informed by MIB for CORESET configured by MIB. 

The parameter
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 should be a product of power factor and OCC if available. Base sequence 
[image: image35.wmf](

)

m

r

 will depend on the reference point in frequency domain and symbol location in time domain, specifically, it can be given by
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Where 
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 is the difference in RB numbers between the lowest RB of BWP containing CORESET and common reference point in frequency domain. The quantity 
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is sequence offset between symbols. The common reference point will depend on whether UE have the knowledge of absolute location of DMRS. Obviously at least the following two cases should be supported.
· Reference point of DMRS sequence for UE specific CORESET 
For UE specific configured CORESET, UE can derive the absolute location of DMRS.  As agreed in RAN1#AH2 meeting, an absolute PRB 0 in the common PRB indexing for BWP configuration in RRC connected state was defined. Therefore, a straight forward solution is to reuse the absolute PRB 0 (i.e. carrier RB 0) as reference point for DMRS sequence in frequency domain, as shown in Fig.4, where the quantity 
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 is therefore the difference in RB numbers between the lowest numbered carrier RB index assigned for BWP and the carrier RB index 0, which can be provided by higher layer parameter [DL-BWP-loc]. Furthermore, it is unknown for UE in RRC-connected state about the bandwidth of the absolute time-frequency resource grid from network perspective. However, since it was already agreed to support up to 4 BWP, sequence offset 
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 will be a reasonable choice.
· Reference point of DMRS sequence for RMSI CORESET/UE during initial access 

During initial access, UE is actually not aware of the carrier RB 0 since it is derived from RMSI/RRC. As a result, the reference point of DMRS sequence for at least RMSI CORESET should be the initial active BWP (candidate reference point 0) or SS block(candidate reference point 1), as shown in Fig.4.  For candidate reference point 0, 
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 will be the lowest RB index of CORESET configured by MIB/PBCH.  As agreed in RAN1#90bis meeting, the initial BWP will be the frequency location and bandwidth of RMSI CORESET. Furthermore, RMSI CORESET is mainly for a UE –common search space, sequence offset 
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 or bandwidth of RMSI CORESET will be a reasonable choice.
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Figure 4. Reference points for UE specific CORESET and RMSE CORESET
Based on the above discussion, we can have proposal:
Proposal 3: The UE shall assume the sequence r(m) is mapped to physical resource elements according to
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For UE specific CORESET, 

· noffset is the difference in RB numbers between the lowest numbered carrier RB index assigned for BWP and the carrier RB index 0, which can be provided by higher layer parameter [DL-BWP-loc];
· 
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.
For RMSI CORESET/UE during initial access, 

· noffset = 0. 

· 
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 or bandwidth in PRB of RMSI CORESET.
4 Conclusion
The contribution provides our views remaining issues of PDCCH structure, including CCE-to-REG mapping and DMRS design for PDCCH. 
Regarding to interleaver design, we have the following proposal:  
Proposal 1: Cyclic shift of the interleaving unit for PDCCH is given by 
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is the configurable ID for cyclic shift, 
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is the number of OFDM symbols within the CORESET.    

Regarding to DMRS for NR-PDCCH, we have the following observations and proposals:
Observation 1: For low aggregation levels (e.g., 1 or 2), without interference measurement at the UE, MU-MIMO with non-orthogonal DMRS cannot work well.
Observation 2: For high aggregation levels (e.g., 4 or 8), MU-MIMO with orthogonal DMRS and non-orthogonal DMRS with or without interference mitigation have similar performance. 
Observation 3: For low aggregation levels (e.g., 1 or 2), MU-MIMO with orthogonal DMRS can obtain performance gain over MU-MIMO with non-orthogonal DMRS.

Proposal 2: A pair of configurable ID can be configured for MU-MIMO with non-orthogonal DMRS for interference mitigation.  
Proposal 3: The UE shall assume the sequence 
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For UE specific CORESET, 

· 
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 is the difference in RB numbers between the lowest numbered carrier RB index assigned for BWP and the carrier RB index 0, which can be provided by higher layer parameter [DL-BWP-loc];
· 
[image: image65.wmf]4275

D³×

.
For RMSI CORESET/UE during initial access, 
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 or bandwidth in PRB of RMSI CORESET.
References

[1] R1-1714325, “On frequency first CCE-to-REG mapping for NR-PDCCH”, Huawei, HiSilicon, Prague, Czech Republic, 21 - 25 August 2017.
[2] R1-1713742, “DMRS for NR-PDCCH”, Huawei, HiSilicon, Prague, Czech Republic, 21-25 August 2017.
Appendix
Table 2. Simulation assumptions for DMRS evaluation
	Parameters
	Value

	DCI payload
	60bits

	CCE size
	6 REGs

	CCE-to-REG mapping
	Localized

	Aggregation level
	1/2/4/8

	Number of control symbol
	1/2

	Channel coding
	Polar code

	Transmission scheme
	1-port precoder cycling

	Channel estimation
	MMSE based
REG bundling size: 6 REGs.

	Channel model
	TDL-C (Delay spread: 30/300/1000ns)

	UE speed
	3 km/h

	Carrier Frequency
	4GHz

	System bandwidth
	10MHz

	Subcarrier spacing
	15KHz

	Number of BS antennas
	2

	Number of UE antennas
	2
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