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1 Introduction
In this contribution, we discuss the remaining issues on the following aspects.

1. DMRS sequence mapping

2. Remaining details on the interleaver

2 The RE mapping of DMRS sequence
In the RAN1 #90bis meeting, the following agreements regarding the PDCCH DMRS were made. In this section, we provide the views on the FFS to complete the DMRS sequence mapping.

Agreements:
· Confirm the WA: DMRS is evenly distributed within a REG

· DMRS REs are #1, #5, #9
Agreements:
· 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
2.1 Reference point of DMRS sequence mapping
One of the remaining issues is the reference point of the DMRS sequence mapping. The following lists the possible reference points:

· Opt 1: The lowest PRB indexing of CORESET

· Opt 2: The lowest PRB indexing of BWP

· Opt 3: The lowest PRB indexing of carrier

For the Opt 1, the reference point of sequence mapping is CORESET-specific. Precisely, the DMRS is mapped to each CORESET from the lowest PRB indexing of the corresponding CORESET. The UE complexity in CE process may be higher in this case. In Figure 1(a), the CORESETs, e.g., CORESET#1 and CORESET#2, belonging to the same UE are partially overlapped in the physical resources. If some of the PDCCH candidates of two CORESETs locate on the overlapped region, the RS extraction in CE process for this region should be performed twice. The reason is the DMRS symbols accompanied with the PDCCHs candidates belonging to different CORESETs have distinct reference points although they are mapped to the same physical resources. To avoid the inefficiency, the common reference point for all CORESETs configured to the same UE is required. The reference points for the Opt 2 and Opt 3 are BPW-specific and carrier-specific, respectively. The both options provide the common reference points for all CORESETs configured to the same UE. To further compare the pros and cons of Opt 2 and Opt 3, we discuss the options under the initial BWP and non-initial BWP separately.

1. Reference point for the PDCCH DMRS under the initial DL BWP
It was agreed that the initial active BWP is defined as frequency location and bandwidth of RMSI CORESET. During the initial access, the UE has no knowledge of the actual PRB indexing of the initial BWP within the carrier. Therefore, the carrier-specific reference point, i.e., Opt 3, is not appropriate. The lowest PRB indexing of the initial BWP, i.e., Opt 2, can be used.
Agreements:
· The initial active DL BWP is defined as frequency location and bandwidth of RMSI CORESET and numerology of RMSI.

· PDSCH delivering RMSI are confined within the initial active DL BWP

2. Reference point for the PDCCH DMRS under the non-initial DL BWP
According to the agreements listed below, the actual PRB indexing of the carrier is provided to the UEs through the higher layer configurations. The offset from the common reference point PRB 0 to the lowest PRB of the SS block accessed by the UE is configured to the UE. The UE can deduce the PRB indexing of the carrier based on the offset. The PRB indexing is the same for all UEs within the carrier. For the Opt 3, the common reference point PRB 0 can be reused as the reference point of DMRS mapping. And the REs of DMRS, e.g., #1, #5 and #9 within a REG, are counted during the mapping no matter the DMRS is transmitted in RE. So, in the Opt 3, the UE can know the mapping of DMRS sequence in every DMRS RE within the carrier.
Agreements:
· Common PRB indexing is used at least for DL BWP configuration in RRC connected state

· The reference point is PRB 0, which is common to all the UEs sharing a wideband CC from network perspective, regardless of whether they are NB, CA, or WB UEs. 

· An offset from PRB 0 to the lowest PRB of the SS block accessed by the UE is configured by high layer signaling

· FFS the configuration is by RMSI and/or UE-specific signaling
· The common PRB indexing is for maximum number of PRBs for a given numerology defined in Table 4.3.2-1 in 38.211
· FFS: common PRB indexing for RS generation for UE-specific PDSCH

· FFS: common PRB indexing for UL
Compared with the Opt 2, the Opt 3 provides the benefits of better flexibilities in network scheduling and DMRS interference cancellation (DMRS-IC). As depicted in Figure 1(b), the BWP1 and BWP2 are configured to the UE1 and UE2, respectively. And the CORESETs of two UEs are partially overlapped. In the Opt 2, the reference points of DMRS mapping for the UE1 and UE2 are “
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”, respectively. With this option, the overlapped region cannot be used to transmit the (group) common PDCCH intended to both UE1 and UE2 because the DMRS symbols for two UEs are different. From the perspective of network, this would restrict the scheduling flexibility. And the signaling overhead of (group) common information is increased. Moreover, compared with the Opt 3, the Opt 2 lacks the flexibility for the DMRS-IC in the future release. For instance, in Figure 1(b), the UE1 cannot know the reference point of the DMRS mapping of UE2 if the reference point is BWP-specific. Hence, there is no way for the UE1 to do the DMRS-IC. This is not the case for the Opt 3. For the Opt 3, the reference point can be “
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” in Figure 1(b), so both UEs within the carrier share the same reference points and can know the mapping sequence of each other.

Based on the discussions, we have the following proposals.

Proposal #1: For the CORESET configured by MIB or RMSI, the reference point of DMRS sequence mapping is the lowest PRB indexing of the BWP.
Proposal #2: For the CORESET configured by UE-specific RRC signalling, the reference point of DMRS sequence mapping is the common reference point PRB 0 in the carrier.
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Figure 1. Illustration of the reference point of DMRS sequence mapping under the non-initial BWP
3 Remaining details on interleaver
According to the agreement listed below, the one-step block interleaver with configurable row number is adopted for PDCCH. The block interleaver is applied to pursue the frequency diversity. The cyclic shift of the interleaving unit is further applied to randomize the interference and obtain a robust performance. 
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
In our view, it is desirable to have the cyclic shift of interleaved units as UE specific. That is, the cyclic shift is based on a UE-specific configurable ID. The UE-specific cyclic shift can not only randomize the interference among the neighbouring cells but also reduce the false alarm rates of PDCCH decoding for the UEs in the same cell. When the CCEs of candidate PDCCHs of two UEs in the same cell are fully overlapped in time and frequency resources, the UE-specific cyclic shift can help to avoid the overlap of search spaces of two UEs. Therefore, the false alarm rates of PDCCH is reduced. For example, Figure 2 depicts the search spaces of AL2 and AL8 for both UE1 and UE2 based on the hash function of EPDCCH. Here, we assume the case that two CORESETs for the UE1 and UE2 are fully overlapped in time and frequency resources. Without the UE-specific cyclic shift, the PDCCH candidates of AL8 for UE1 and UE2 are easily fully overlapped because the limited physical resources and restricted starting positions of candidates, e.g., starting from “CCE_index mod AL=0”. As the bottom of Figure 2 shown, the UE-specific cyclic shift can help the fully overlapped PDCCH candidates become partially overlapped. Suppose the UE1’s PDCCH is transmitted in the candidate other than PDCCH Candidate A in the Figure 2. And the UE2’s PDCCH is transmitted in the PDCCH Candidate B or PDCCH Candidate C depending on whether the UE-specific cyclic shift of interleaving unit is applied. The probability of false alarm that UE1 decodes PDCCH Candidate A is lower when the UE2’s PDCCH is transmitted in PDCCH Candidate C.
Based on the discussion, we propose

Proposal #3: The configurable ID for cyclic shift in PDCCH interleaver is UE-specific.
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Figure 2. Illustration of the interleaver with UE-specific cyclic shift 
4 Conclusions

In this paper, we discuss the remaining details on the DMRS sequence mapping and interleaver. Based on the discussions, we have the following proposals.
Proposal #1: For the CORESET configured by MIB or RMSI, the reference point of DMRS sequence mapping is the lowest PRB indexing of the BWP.

Proposal #2: For the CORESET configured by UE-specific RRC signalling, the reference point of DMRS sequence mapping is the common reference point PRB 0 in the carrier. 
Proposal #3: The configurable ID for cyclic shift in PDCCH interleaver is UE-specific.
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