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1. [bookmark: _Ref449341288][bookmark: _Toc273549427]Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]In the RAN1#90bis meetings, the agreements summarized below were reached about the DMRS pattern, DMRS sequence and DL control channel design [1]. We also list the related agreement reached in NR#2 [2] and RAN1 #88 [3].
In this contribution we present concerns of the DMRS sequence initialization when multiple CORESETs are configured and give our viewpoint of DMRS initialization for DMRS of RMSI CORESET and other CORESETs.
In the second part of the contribution we investigate the necessity of cyclic shift for interleaved REG bundle within a CORESET. 
	Agreements from #90bis
Agreements:
· Support for a UE, configurable ID for PDCCH DMRS at least for the initialization of DMRS sequence/scrambling.
· FFS: whether this is used also for other purpose.
· FFS details including the applicability of configurable ID
Agreements:
· 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

	Agreements from NR#2
Agreement:
· For FDD, separate sets of bandwidth part (BWP) configurations for DL & UL per component carrier
· The numerology of DL BWP configuration is applied to at least PDCCH, PDSCH & corresponding DMRS
· For TDD, separate sets of BWP configurations for DL & UL per component carrier
· The numerology of DL BWP configuration is applied to at least PDCCH, PDSCH & corresponding DMRS


	Agreements from #88 
Agreements:
· Multiple control resource sets can be overlapped in frequency and time for a UE.
· A search space in NR is associated with a single control resource set
· The search spaces in different control resources sets are defined independently.
· The max number of BD candidates for a UE is defined independently of the number of control resource sets and the number of search spaces.



2. DMRS sequence
It is agreed that the Gold sequence from LTE is adopted for NR PDCCH DMRS. The sequence initialization method has not been discussed yet. In NR, BWPs with different numerology can be supported within one component carrier and multiple CORESETs can overlap in frequency and time for a UE. Figure 1 shows the situation of multiple BWPs with a CORESET in each. 
[image: ]
Figure 1 - CORESET within each BWP 
For simplicity we assume a CORESET is configured in each BWP and each has the same bandwidth as its BWP. We also assume that all CORESETs in Figure 1 are higher layer configured.
We see that CORESET 3 overlaps with the CORESET 1 and CORESET 2.These CORESETs may be configured to different UEs or to the same UE and work simultaneously. 
These CORESETs can be configured with DMRS in PDCCH or CORESET dependent on higher layer parameter of CORESET-wideband-bundle.
If multiple CORESETs in different BWPs are configured with DMRS only within PDCCH, DMRS generated in BWP manner will work even if the CORESETs overlap as shown in the left-hand drawing of Figure 2.
[image: ][image: ]
Figure 2 - Two overlapped CORESETs with DMRS within PDCCH
The left-hand drawing of Figure 2 depicts that the CORESET of UE 1 overlaps with the CORESET of UE 2, the bundles of certain CCEs multiplex in the overlapping frequency region. Bundles of certain CCEs will carry the corresponding DMRS. The UE can decode the DCI correctly based on the channel estimation in bundle granularity.
[bookmark: _GoBack]On the other hand, if one of the overlapped CORESETs is configured with DMRS in CORESET, the DMRS of the two CORESETs will collide with each other. As can be seen from the right-hand drawing of Figure 2, DMRS in CORESET 2 demands that DMRS will occupy every REG within it, but CORESET 1 will require DMRS sequence based on its own BWP, so there will be a risk that different DMRS sequences will be defined on the same DMRS RE if the DMRS sequence is initialized per CORESET or BWP.  
Observation 1: Overlapped CORESETs with configured DMRS in PDCCH can work well, but if one of the overlapped CORESETs is configured with CORESET DMRS there will be a risk of DMRS sequence confusion.
Proposal 1: DMRS sequence should be designed to accommodate overlapped CORESETs to avoid DMRS collision.
As agreed in RAN1#90bis, the initial active DL BWP has the same bandwidth as the RMSI CORESET. For a UE that is accessing the network, it may get no information about the bandwidth of the component carrier. The UE will acquire the bandwidth configuration of a component carrier after reception of RMSI or OSI. Therefore, the DMRS for the RMSI CORESET should be defined first. A straight forward way is to generate it based on the cell ID.
Proposal 2: RMSI CORESET DMRS should be initialized by cell ID.
As non-orthogonal MU-MIMO is supported for the NR PDCCH, the configurable ID can be used to support non-orthogonal MU and interference measurement of paired port.
Proposal 3: DMRS other than RMSI CORESET DMRS can be based on a configurable ID.
Another issue for PDCCH DMRS is that NR supports multiple BWPs with different numerology.
Besides overlapping CORESETs, different numerologies also need to be considered when designing DMRS sequences. Figure 3 is an example for multiple CORESETs with different numerologies in the same carrier.
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Figure 3 - Sequence for different numerology
There are 2 options for DMRS generation for multiple BWPs:
· Option 1:Generate the DMRS in a unified way for all BWPs;
· Option 2:Generate the DMRS in BWP specific manner;
Option 1 is a simple way for DMRS generation because it only needs to maintain one sequence for all numerologies. When switching between numerologies, the UE or gNB does need not to generate the DMRS once again. Option 1 is depicted in the left-hand drawing of Figure 3. The DMRS for the different BWPs is deduced from the same reference BWPs, which in Figure 3 is the BWP with SCS of15 kHz.
In option 2, the DMRS is based on the configured parameters associated with one certain numerology. This scheme is depicted on the right-hand side of Figure 3. It will incur additional signaling overhead besides the BWP configuration. 
Either option above can work for multiple BWPs with different numerology, because the UE will only have one active BWP and the gNB can configure BWPs with different numerology in different time or frequency domain to prevent inter-subcarrier interference.
Observation 2: Both DMRS generation options for multiple BWPs, i.e. in a unified way or in a BWP specific manner, can work for BWPs with different numerology. We should down-select the method of PDCCH DMRS generation for a carrier with multiple numerologies.
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3. PDCCH cyclic shift
It has been agreed that NR supports interleaver with a configurable number of rows for the interleaving mapping. After interleaving, the interleaved bundle will be cyclically shifted with a configurable ID.



In LTE [4], the block of quadruplets  is cyclically shifted, resulting in   where.
A cell specific cyclic shift is used to randomize the interference between neighboring cells. One difference between the LTE PDCCH control region and the NR PDCCH CORESET is that CORESETs can be configured, thus the time and frequency domain resources may be different for neighboring cells with different mapping schemes and interleaver.
Figure 4 shows a scenario where two cells with the same CORESET configuration collide in certain CCEs.
[image: ]
Figure 4 - Identical CORESET configurations for 2 cells
In the example of Figure 4, two CORESETs are configured with the same interleaver and the same physical resources (frequency and time domain). If the bundles are directly mapped to the CORESET, the CCEs from different cells will collide with each other. The CCE composed of logical bundle 1 and 2 will persistently collide with the same CCE from the neighboring cell.
The CORESETs of neighboring cells may have different relations to each other. Below, we take two neighboring cells as a simple example. Their possible relations are listed below:
· Case 1: 2 CORESETs with same bandwidth overlap partially;
· Case 2: 2 CORESETs with same bandwidth overlap completely;
· Case 3: 2 CORESETs with same bandwidth do not overlap;
· Case 4: 2 CORESETs with different bandwidth  overlap partially;
· Case 5: 2 CORESETs with different bandwidths do not overlap.
For case 3 and case 5, the CORESETs do not overlap, so there is no need to perform a cyclic shift. For the cases 1, 2 and 4 the CORESETs overlap partially or completely, so the CORESET may need to be cyclically shifted.
Figure 5 and Figure 6 below show the situation for the cases 2 and case 4, case 1 is illustrated in Figure 4 above.
[image: ]
Figure 5 – 2 CORESET with the bandwidth overlap partially 
From Figure 5 we find that the CCE composed of the logical bundles 1 and 2 partially collide with the CCE of the neighboring cell. If the cyclic shift is performed with an improper value, the CCE will collide with neighboring completely.  
[image: ]
Figure 6 – 2 CORESETS with different bandwidth overlap partially
Figure 6 shows different CORESET bandwidths with same interleaver, it will not result in completely colliding CCEs between the neighboring CORESETs.
The cyclic shift should be based on a configurable ID, which is one field for CORESET configuration.
Proposal 4: A configurable ID to define the cyclic shift of an interleaved bundle shall be contained in the CORESET configuration. Its value should be no larger than Nbundle_coreset, where Nbundle_coreset is the number of bundles in a given CORESET. 
4. Conclusion
In this contribution we discuss some concerns about PDCCH DMRS and cyclic shift of interleaved bundles.
Based on the analysis, we are making the following observations and proposals:
Observation 1: Overlapped CORESETs with configured DMRS in PDCCH can work well, but if one of the overlapped CORESETs is configured with CORESET DMRS there will be a risk of DMRS sequence confusion.
Observation 2: Both DMRS generation options for multiple BWPs, i.e. in a unified way or in a BWP specific manner, can work for BWPs with different numerology. We should down-select the method of PDCCH DMRS generation for a carrier with multiple numerologies.
Proposal 1: DMRS sequence should be designed to accommodate overlapped CORESETs to avoid DMRS collision.
Proposal 2: RMSI CORESET DMRS should be initialized by cell ID.
Proposal 3: DMRS other than RMSI CORESET DMRS can be based on a configurable ID.
Proposal 4: A configurable ID to define the cyclic shift of an interleaved bundle shall be contained in the CORESET configuration. Its value should be no larger than Nbundle_coreset, where Nbundle_coreset is the number of bundles in a given CORESET. 
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