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1	Introduction
In this contribution, we discuss remaining open issues on NR DL control channel structure.
· Frequen-first CCE-to-REG mapping support in multi-symbol CORESET
· DMRS for NR DL control channel
· Aggregation level for 3-symbol CORESET
· Interleaver design
2	Frequency-first CCE-to-REG mapping with multi-symbol CORESET
[bookmark: p2][bookmark: p3]Frequency-first CCE-to-REG mapping is naturally supported with a single symbol CORESET. This was one of main reasons not to support frequency-first CCE-to-REG mapping with multi-symbol CORESET, since NW always has the flexibility to configure a single symbol CORESET to achieve frequency-first mapping. The benefit of frequency-first CCE-to-REG mapping is the easier resource reuse for data when the smaller AL was used. In addition, given the frequency-first CCE-to-REG mapping is agreed for a single symbol CORESET, the multiplexing CORESETs can be more straightforward when there is a need to multiplex a single symbol CORESET and multi-symbol CORESET. Therefore, we can still allow the support of frequency-first mapping with multi-symbol CORESET. Given it was also agreed that DMRS is mapped on all REGs on all the OFDM symbols of a given PDCCH candidate, it is quite straightforward to adopt frequency-first mappingto better utilize later symbols in the CORESET. For REG bundling size, the same REG bundling size as the case of 1-symbol CORESET can be adopted.
Proposal 1: Frequency-first CCE-to-REG mapping is also supported with multi-symbol CORESET.
Proposal 2: REG bundling size = 2 and 6 are supported with frequency-first CCE-to-REG mapping for multi-symbol CORESET.
3	DM RS for NR DL control channel
3.1	Wideband RS and Narrowband RS
It was shown in [1] that wideband RS that spans the entire CORESET leads to 1-2 dB gain compared to narrowband RS. This was shown to be essential for the transmission of common control messages for initial access and paging. Otherwise we may need to find out other means to achieve the typical target link budget requirement (@ -6 dB). Therefore, at least it is proposed to have the option to configure wideband RS for a CORESET.
Proposal 3: CORESET can be configured with either wideband RS, or narrowband RS.
· Wideband RS refers to the case when DMRS for PDCCH span the entire CORESET BW with the same precoding whenever there is PDCCH transmission.
3.2	Orthogonal MU-MIMO DM RS
There has been discussion on whether to introduce orthogonal DMRS for MU-MIMO DL control channel. The working assumption has been made in the last RAN1 meeting that DM-RS density per REG is 1/4 at least for normal CP. Therefore, it is not possible to achieve MU-MIMO pattern within a REG (only 3 DM-RS is available). The available option to support MU-MIMO orthogonal DM-RS needs to be introduced over REGs either in time or frequency domain. Furthermore, it has not been shown that MU-MIMO PDCCH has advantage over regular  PDCCH. It is our view that AL N MU-MIMO DL control channel should be comparable to AL N/2 regular PDCCH. One can argue that AL N MU-MIMO DL control channel may achieve more frequency diversity. However, this requires very granular beamforming knowledge for MU-MIMO. For beamformed PDCCH such as MU-MIMO PDCCH, it makes more sense to be localized to achieve the beamforming gain. Taking all these aspects into consideration, we propose not introducing orthogonal MU-MIMO DM RS for NR DL control channel at least for Rel-15. If it is proven to be beneficial, it can be considered for furture releases.
Proposal 4: Do not introduce orthogonal MU-MIMO DM RS for NR DL control channel.
4	Overlapping Coresets and Interleaver 
It was agreed that overlapping coresets are supported in NR. We believe overlapping coresets concept not only provides more flexibility, but more importantly, it allows more efficient resource utilization. For example, for a cell with large radius and needs 3 symbol Coreset to provide enough coverage, if only 3 symbol coresets are used, when there is only cell center UE to serve in a particular slot, the UE needs to be granted using all 3 symbols (assuming time first coreset). If there is no efficient intra-coreset resource reuse mechanism, the PDSCH has to start from the 4th symbol and many REs in the first 3 symbols will be wasted. On the other hand, if we overlap an one symbol coreset with a 3 symbol coreset and serve cell center UE through the one symbol coreset and serve cell edge UEs through the 3 symbol coreset, we can support more efficient resource usage. For example when only cell center UEs are scheduled, the PDSCH can start at the 2nd symbol. When cell edge UEs are also scheduled, the PDSCH can start at the 4th symbol. All these can be achieved without resource set reuse mechanism, and only dynamic PDSCH starting location mechanim is used.
Observation 1: Configuring overlapping Coresets with different length can support efficient PDCCH resource reuse for PDSCH.
An example is shown in Figure 1. This example showns overlapping of 3 coresets with length 1, 2, and 3 respectively. All coresets are localized in the example. In this example, we can transmit one AL1 DCI from 1 symbol coreset, one AL2 DCI from 2 symbol coreset, and one AL4 DCI from 3 symbol coreset. 
Note that for 3 symbol coreset, each CCE is 2 RBs in frequency domain and does not multiplex well with CCEs for 1 symbol coreset and 2 symbol coreset. To fix this problem, we proposed to consider AL 1/3/6/12 for 3 symbol time first coresets. An example is shown in Figure 2.
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[bookmark: _Ref492667536]Figure 1. Example with overlapping Coresets of different lengths
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[bookmark: _Ref492668048]Figure 2. Example with overlapping Coresets of different lengths and AL 1/3/6/12 for 3 symbol time first coreset
Also note that since 3 symbol coresets are mainly targeting cell edge UEs, with AL 1/3/6/12, we can provide more coding gain for these UEs.
Proposal 5: For 1-symbol and 2-symbol time first CORESET, the aggregation level of 1, 2, 4, 8 is adopted. For a 3-symbol time first mapping CORESET, the aggregation level of 1, 3, 6, 12 is adopted. A larger aggregation level is FFS.
The above example is for localized coresets. For interleaved coresets, it was already agreed that the interleaving is performed in unit of REG bundles. The size of REG bundles are 
· 2 or 6 RB for 1-symbol coreset
· 1 or 3 RB for 2-symbol coreset
· 1 or 2 RB for 3-symbol coreset
When overlapping coresets are configured and unrestricted interleavings are applied to different coresets, it is possible to have many inter-coreset blocking. For example, one AL1 decoding candidate in 1-symbol coreset with size 2 REG bundle may block multiple DCIs in 2-symbol or 3-symbol coreset. This will reduce the efficiency of using overlapping coresets. One way to improve the inter-coreset blocking is to introduce some commonality in the interleaver design for different length coresets. The basic idea is to align the interleaving for different length coresets (assume they are using the same set of RBs), so a DCI in one coreset will block less number of DCIs in other coresets. Note that the interleaving also need to provide frequency diversity and provide interference randomization.
A potential design to achieve this goal is introducing a 2-step interleaving, where step 1 permutes the REG bundles within a segment of RBs locally, and step 2 permutes blocks of REGs over the entire coreset. An illustration is shown in Figure 3.
The step 1 includes localized permutations, one for each segment of RBs. The segment size should be chosen to be integer number of REG bundles for all involved coresets. For example, a segment can be 12 RBs. The permutation can be randomized within each segment, and the randomization can be a function of cell ID, slot index, segment index, and coreset length. Note that this step of permutation can be different for different length coresets. 
After step 1, the output RBs are organized into blocks. The blocks are the unit for the step permutation. The step 2 permutation should be the same for all length coresets. The permutation can be randomized and the randomization can be a function of cell ID and slot index. 


[bookmark: _Ref492669843]Figure 3. Illustration for 2-step interleaver
The per-segment permutation in step 1 provides interference randomization and more importantly can distribute the REG bundles within the same CCE (e.g. the size 2 REG bundles in a 6 RB CCE in 1-symbol coreset) to different blocks, so they can be permuted far away in step 2. The functionality of step 2 is to avoid misaligned interleaving across different coresets with different lengths. In this way, the blocking can be localized.
Proposal 6: Consider 2-step interleaving to support better coexistence between overlapping coresets with different lengths.
6	Conclusions 				
In this contribution, we have discussed remaining open issues for PDCCH structure and have made the following proposals:
Proposal 1: Frequency-first CCE-to-REG mapping is also supported with multi-symbol CORESET.
Proposal 2: REG bundling size = 2 and 6 are supported with frequency-first CCE-to-REG mapping for multi-symbol CORESET.
Proposal 3: CORESET can be configured with either wideband RS, or narrowband RS.
· Wideband RS refers to the case when DMRS for PDCCH span the entire CORESET BW with the same precoding whenever there is PDCCH transmission.
Proposal 4: Do not introduce orthogonal MU-MIMO DM RS for NR DL control channel.
Observation 1: Configuring overlapping Coresets with different length can support efficient PDCCH resource reuse for PDSCH.
Proposal 5: For 1-symbol and 2-symbol time first CORESET, the aggregation level of 1, 2, 4, 8 is adopted. For a 3-symbol time first mapping CORESET, the aggregation level of 1, 3, 6, 12 is adopted. A larger aggregation level is FFS.
Proposal6: Consider 2-step interleaving to support better coexistence between overlapping coresets with different lengths.
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