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1 Introduction

In the previous meetings, some agreements on PDCCH structure were achieved and the corresponding specifications are approved by RAN plenary meeting.
The contribution firstly provides a summary of the agreements not captured in specifications based on our companion contribution [1], where the proposed corrections are provided. Then some remaining issues on PDCCH structure are discussed based on our companion contribution [2][3], including remaining issues on interleaved CCE-to-REG mapping and remaining issues on DMRS for PDCCH.   
2 Summary of agreements not captured
2.1 Correction on DMRS sequence initialization for PDCCH
In the RAN1#91 meeting, the following agreements related to DMRS sequence initialization was achieved: 
Agreement:
· For each CORESET configured by PBCH, physical cell ID is used for DMRS sequence initialization

· Working assumption: For each CORESET configured by RMSI, it can be configured with a configurable ID for DMRS sequence initialization via RMSI (if not configured,  physical cell ID is used for DMRS sequence initialization)

· Working assumption: The value range of the configurable ID is the same as that for physical cell ID

· For each CORESET configured by UE-specific RRC signalling, a UE is configured with a configurable ID for DMRS sequence initialization

· Working assumption: The value range of the configurable ID is the same as that for physical cell ID in Rel-15 ( NOTE: there is subsequent agreement made in 7.2 which replaces working assumption.
· In the DMRS sequence initialization for downlink and uplink CP-OFDM,  

· Support UE specific configured scrambling ID with 16 bits

· Uplink and downlink can be configured separately

· The default value for the scrambling ID is physical cell ID and 6 known bits (ex: fixed as ‘000000’)
However, DMRS sequence initialization for PDCCH is missing in 38.211. Therefore, correction is needed by adding the text for DMRS sequence initilization for PDCCH. Details are in the draft CR (R1-1800818, [1]).
Proposal 1: Revise sequence generation for DMRS for PDCCH in TS 38.211 by adding the text for DMRS sequence initialization. The details are in the draft CR (R1-1800818, [1]). 
3 Discussion 
3.1 Remaining issues on interleaved CCE-to-REG mapping 
3.1.1 Further consideration on PDCCH interleaver for RMSI CORESET
As discussed in [2], interleaved CCE-to-REG mapping should be used for CORESET configured by PBCH to achieve frequency diversity gain for common signaling. However, there is still no agreement on the interleaver rows for CORESET configured by PBCH. In order to limit the payload in MIB, it should be predefined. 
As to the number of rows for the interleaving matrix, 3 is more suitable considering diversity gain. Since the aggregation level for one PDCCH candidates is {AL4, AL8, AL16} and the interleaved unit is in CCE-level (i.e. it is agreed that REG bundle size is 6 in RMSI CORESET), the value of 3 is an appropriate choice compared with 2 and 6 from frequency diversity gain perspective as discussed in [2]. 

Proposal 2: The number of rows R for the interleaver for CORESET configured by PBCH is 3. 
3.1.2 Cyclic shift function for PDCCH interleaver
For interleaved CCE-to-REG mapping, the cyclic shift of the interleaver depends on the configurable/cell ID as agreed on RAN1 meeting #91. However, there is no agreement on the relationship between the cyclic shift and the configurable/cell ID. 
As discussed in [3], to reduce collision probability between a CORESET with interleaved mapping and a CORESET with non-interleaved mapping, 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. 
According to the detailed analysis in [2], based on the configurable ID for COREST configured by UE-specific RRC signaling or the physical cell ID, 
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Proposal 3: Cyclic shift of the interleaving unit for PDCCH is given by 
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· L is the REG bundle size and 
· 
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3.1.3 Locations of NULL element(s) in interleaving matrix
The rectangular interleaver is agreed for interleaved CCE-to-REG mapping with a configurable number of rows, i.e. the number of rows is configured within set {2,3,6}. However, there is no discussion on the location of NULL elements in the rectangular interleaver, when the number of interleaving units smaller than the size of interleaver due to the inappropriately configured higher-layer parameters, i.e. the rows of rectangular interleaver, size of CORESET, and size of REG bundle etc., as mentioned in [2]. 
As discussed in [2], the location of NULL elements within the interleaving matrix affects the order of the interleaved REG bundle indices, and in turn the diversity gain of the mapped PDCCH is further affected. Therefore, the location of the inserted NULL elements should minimize the effect on the frequency diversity while may not introduce too much complexity. In order to minimize effect on the frequency diversity gain, the number of uniformly distributed REG bundles should be maximized since the inserted NULL elements reduce the number of uniformly distributed REG bundles. As proposed in [2], the location of NULL elements should be inserted consecutively in the last column to maintain a relatively low complexity and minimum reduction of frequency diversity gain. 
Proposal 4: The NULL element(s) should be inserted consecutively in the last column of the interleaving matrix.   
3.2 Remaining issues on DMRS for PDCCH 
3.2.1 Length of the reference signal sequence 
In LTE, predefined length is specified regardless the actual configured size of control resources. In NR, a similar rule should be inherited from LTE. As discussed in [3], the length of the generated reference-signal sequence will be equal to a predefined value which should be larger than or equal to the maximum number of REs which will be possibly used for the reference-signal mapping. Based on above analysis, the length of the generated sequence can be given as m = 0,1,2,…, 3 · NRSsymb · NRSRB - 1, where  NRSsymb  is a predefined value related to the maximum time domain resources possible used for PDCCH monitoring, and NRSRB is also a predefined value related to the frequency domain resources possibly used for PDCCH monitoring. 

The value of NRSsymb should equal to the maximum number of OFDM symbols within a slot, i.e. NRSsymb = Nslotsymb, since the possible time domain locations for PDCCH monitoring will be every OFDM symbols within a slot according to the configured monitoring occasions of the associated search space sets. 

On the other hand, the value of NRSRB should equal to the maximum number of RBs possibly mapped DMRS from the side of gNB. This predefined value should also consider the effect of the bandwidth part operation. Since different BWPs have the same reference point (i.e. common PRB 0) in frequency domain, the length of the generated sequence should be large enough to cover all possible locations of a configured BWP. 
Proposal 5: The length of reference signal sequence should be a predefined value depends on the maximum number of REs used for DMRS mapping.

3.2.2 Mapping to physical resources 
In current version of TS38.211 v15.0.0, the mapping for PDCCH DMRS does not capture the reference points for CORESET configured by UE-specific RRC. Moreover, time-first mapping across different REGs is captured which is not supported by any RAN1 agreements. As discussed in [3], the time-first mapping will introduce further complexity and lead to inaccuracy results for the interference cancellation for PDCCH reception, compared with frequency-first mapping. Therefore, it seems frequency-first mapping is better since it can achieve more benefits than time-first mapping (i.e. in current version of TS38.211) as discussed in [3], e.g. interference cancellation and allowing future-proof features. Therefore, correction on the mapping to physical resources for DMRS for PDCCH is needed by adding the text for reference point and replacing time-first mapping with frequency first mapping. Details and the corresponding text proposal are in [3].

Proposal 6: Revise the mapping to physical resources for DMRS for PDCCH in TS38.211 by adding the text for reference point and replacing time-first mapping with frequency first mapping. The details are in the contribution (R1-1800819, [3]).
4 Conclusion
The contribution provides our views on the remaining issues on PDCCH structure.  Based on the above discussion, we have the following proposals:
Proposal 1: Revise sequence generation for DMRS for PDCCH in TS 38.211 by adding the text for DMRS sequence initialization. The details are in the draft CR (R1-1800818, [1]).
Proposal 2: The number of rows R for the interleaver for CORESET configured by PBCH is 3. 
Proposal 3: Cyclic shift of the interleaving unit for PDCCH is given by 
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Proposal 4: The NULL element(s) should be inserted consecutively in the last column of the interleaving matrix.   
Proposal 5: The length of reference signal sequence should be a predefined value depends on the maximum number of REs used for DMRS mapping.

Proposal 6: Revise the mapping to physical resources for DMRS for PDCCH in TS38.211 by adding the text for reference point and replacing time-first mapping with frequency first mapping. The details are in the contribution (R1-1800819, [3]).
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