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1. Introduction
In previous RAN1 meeting, agreements related to PDCCH structure were made as follows;
	Agreements:
· Working assumptions are confirmed with the following details.
· For 1/2/3-symbol CORESET, REG bundle size of 6 is supported.
· A REG bundle size is as part of CORESET configuration for a CORESET configured by UE-specific higher-layer signaling.
· FFS: CORESET(s) configured by non UE-specific signaling
· UE assumes that precoder granularity in frequency domain is equal to the REG bundle size in the frequency domain.
· FFS: gNB can inform to the UE whether or not to assume the same precoder over multiple REG bundles.
· Note: more than one CORESET(s) with the UE-specific higher-layer signaling can be configured for the same UE.
Agreements:
· Interleaving operates on REG bundles.
· FFS: interleaving in the case if and when gNB informs to the UE to assume the same precoder over multiple REG bundles.
Agreements:
· For interleaving CORESET, the interleaving pattern is derived by the CORESET configuration and is not dependent on other CORESET configuration.
· Note:
· Following metrics can be considered
· Good frequency distribution of REG bundles within the CORESET

· Blocking probability for potential overlapped CORESET(s)

· Inter-cell/inter-TRP interference randomization
Working assumptions:
· DM-RS density per REG is 1/4 at least for normal CP.
· FFS: orthogonal DMRS for MU-MIMO at RAN1 NR AH#3.
· FFS: URLLC


In this contribution, we discuss blocking issue between overlapped CORESETs, interleaver design for decreasing blocking, and RS design. 
2. Discussions 
According to previous agreements, the interleaver for NR-PDCCH could be designed considering frequency diversity, blocking probability and inter-cell/inter-TRP interference randomization. In this contribution, we clarify why blocking is happened and discuss how to decrease blocking probability. 
2.1. Blocking between overlapped CORESETs 
In NR, multiple CORESETs can be configured to a UE for the flexible operation, and overlap between CORESETs is also supported for higher resource utilization. Blocking between overlapped CORESETs could occur when different CCE-to-REG mappings are applied to the CORESETs or resource unit boundary between the CORESETs is not aligned.  Figure 1 shows blocking cases when 2 CORESETs are overlapped, and full overlapping in frequency and partial overlapping in time are assumed in this figure. The sub-block interleaver used to LTE PDCCH is applied for permutation. In Figure 1(a), it is observed that one CCE in a CORESET with interleaving blocks 3 CCEs in a CORESET without interleaving, for example, if NR-PDCCH is transmitted on AL4 candidate (e.g., a candidate including CCE#0, #1, #2 and #3) in a 2 OS CORESET, 12 CCEs cannot be used in a 3 OS CORESET because of blocking. In the case of Figure 1(b), although same CCE-to-REG mapping (i.e., using interleaving) is applied to both CORESETs, one CCE in 2 OS CORESET blocks multiple CCEs in a 1 OS CORESET because of different REG bundle size in frequency. 
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Figure 1. Blocking by overlap between CORESETs
In order to reduce blocking probability, two principles should be considered; (a) resource unit boundary alignment between CORESETs and (b) minimization of the number of impacted CCEs by one candidate of another CORESET. For the first case, though the network may configure the same REG bundle size in frequency for both CORESETs, it may restrict flexibility of CORESET configuration, and may also restrict frequency diversity gain. Alternatively, candidate-level unit boundary alignment could be considered. For example, as proposed in [1], aggregation level set of {1,3,6,12} can be adopted to 3 OS CORESET to align boundary of AL1 candidate of 1 OS CORESET and AL3 candidate of 3 OS CORESET when 1 and 3 OS CORESETs are overlapped and interleaving is not applied to both CORESETs. However, the solution is also somewhat restricted to a few cases such as overlap of 1OS and 3OS CORESET. In our view, simpler approach is to address both principles is to configure interleaving unit size as multiple of REG bundles across CCEs instead of REG bundle as discussed in below. 
Observation: Blocking by overlapped CORESET should be minimized for resource utilization. 

2.2. REG bundle set based interleaving
The configuration of CORESET with and without interleaving could be similar to the configuration of localized and distributed RB set in EPDCCH. In EPDCCH, REGs for higher AL of distributed mapping are selected such that the overlap between physical resources of the chosen REGs and REGs of lower AL of localized mapping can be maximized. In other words, it is to minimize the number of impacted CCEs of localized mapping by one candidate from distributed mapping. This EPDCCH-like approach can also decrease the blocking probability in NR circumstances. For example, when selecting REGs for higher aggregation level in the CORESET with interleaving, selection should allow maximal overlap with candidates of lower AL of non-interleaving mapping. 
REG bundle set based interleaver can be used to implement the EPDCCH-like approach mentioned above. Basically, CCEs and REGs would be sequentially indexed in the logical domain, and REG bundle sets are formed multiple REG bundles from different CCEs (which are included in a high AL candidate). Then, logical-to-physical mapping would be determined according to the interleaving which distributes the REGs comprising CCE into physical domain. The interleaving can be conducted with the unit of REG bundle set which consists of multiple REG bundles from different CCEs. In Figure 2, two REG bundles from different CCEs correspond to a REG bundle set and the sub-block interleaver of LTE PDCCH is applied to the REG bundle sets. With this approach, REG bundle set can be randomly distributed within the CORESET in physical domain. By adapting REG bundle set size, it can adapt frequency diversity and reduction of blocking between interleaving and non-interleaving case. Furthermore, if REG bundle set is supported, it can be also desirable to indicate to the UE such that a UE can assume same precoder within the REG bundle set for better channel estimation.
[image: image2.emf]0

1

2

3

4

5

6

7

LTE 

Sub-block 

Interleaver

Logical 

CCE 

index

Physical 

mapping 

of REG 

bundles

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

Logical 

REG 

index

Logical 

bundle 

index

0

3

4

5

6

7

8

9

10

11

5

9

7

3

11

4

8

6

10

REG 

bundle set 

index

8

11

1

4

18

21

13

16

6

9

20

23

7

10

0

3

14

17

12

15

2

5

19

22

1

2

1

0

2


Figure 2. Proposed REG bundle set based interleaving
Figure 3 shows physical REG mapping and blocked CCEs when REG bundle based interleaving and REG bundle set based interleaving are used for the cases in Figure 1. Regarding the Figure 3(a), if REG bundle based interleaving is used, the number of blocked CCEs in 3-symbol CORESET is linearly increased as aggregation level of 2-symbol CORESET increase. On the other hand, if REG bundle set based interleaving is applied to 2-symbol CORESET, the number of blocked CCEs in 3-symbol CORESET is much lower compared to the former case because CCE#2n and CCE#(2n+1) (forming AL2 candidate) in a 2-symbol CORESET block same CCE in 3-symbol CORESET. This tendency is also shown in Figure 3(b) case. In this case, the REG bundle size in frequency of 1-symbol CORESET is equal to the REG bundle set size in frequency of 2-symbol CORESET, and REG bundle sets forming AL2 candidate in 2-symbol CORESET block REG bundle forming AL1 candidate in 1-symbol CORESET. As a result, REG bundle set based interleaving can save available resources of impacted CORESET.
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Figure 3. Resource blocking by different interleaving schemes
When the REG bundle set based interleaving is used, frequency diversity gain might be decreased because lower number of resource group (compared to REG bundle based interleaving) is distributed on frequency domain. (Actually, the performance difference caused by frequency diversity may be negligible except AL2, because enough number of REG bundle sets could be distributed for AL4 and 8.) However, as mentioned above, gNB can choose REG bundle set size depending on the number of UEs need to be scheduled on a same time, so if the frequency diversity gain is needed for a few UE, gNB can set REG bundle set size to 1 (i.e., REG bundle level interleaving). 
Proposal 1: REG bundle set based interleaving is supported for decreasing blocking probability.
Proposal 2: REG bundle set size (i.e., interleaver unit size) is configured for a CORESET.
2.3. Collision between CORESET and SS block
According to the previous agreements in initial access session, SS block could be located on 3rd ~7th symbols in a slot. It means SS block and CORESET can be collided on 3rd symbol with larger than or equal to SS block periodicity. In a colliding slot, many REGs (overlapped with SS block) in a CORESET cannot be used, so a mechanism for solving this problem is needed. Followings can be considered for this case;
· Control channel and RS rate matching around SS block

This method is simple, but higher aggregation level (≥8) may be needed for providing proper coding rate because control resources of 33% are rate matched. In addition, lowest aggregation level can also be changed to 2 or 4 considering decodable coding rate. Similar to LTE, it can be also considerable not to monitor a candidate overlaps with SS block. 
· CORESET duration change in colliding slots

A gNB can configure to change CORESET duration from 3 to 2 (or 1) in colliding slots. In this case, as coding rate could be same with non-collision case, starting/ending aggregation level doesn’t need to be changed, while some CORESET configurations need to be changed. 
Proposal 3: Handling on control mapping around SS block is necessary.
2.4. RS configuration and MU-MIMO operation
In last meeting, DMRS overhead of 1/4 was decided as a working assumption, this overhead provide better performance in low ALs compared to the overhead of 1/3. Regarding the MU-MIMO, we still think orthogonal MU-MIMO using orthogonal DMRS is needed from the perspective of channel estimation performance and interference cancellation. For the orthogonal MU-MIMO on DMRS overhead 1/4, length-3 OCC (proposed in last meeting [2], [3]) could be considered. If the orthogonal MU-MIMO is supported, remaining issue is how to decide a DMRS port for a UE. The configurable DMRS port (for example, DMRS port for a UE can be included in a CORESET configuration) provides scheduling flexibility, while it requires signaling overhead. Another option is that DMRS port is associated with UE ID (similar with EPDCCH), this option doesn’t require additional signaling overhead, while there may be a restriction to select UEs for MU-MIMO pairing.
Proposal 4: MU-MIMO operation using orthogonal DMRS is supported.

Proposal 5: The length-3 OCC is applied to DMRS of NR-PDCCH if working assumption is confirmed.
Regarding the initialization of scrambling sequence, it is natural that CORESET specific scrambling parameter which is indicated by UE-specific higher layer signaling can be used on USS (including RS and data) for non-orthogonal MU-MIMO and dynamic TRP selection. On the other hand, the common information (e.g., RMSI, OSI etc.) and corresponding RS which is monitored by multiple UEs could be scrambled cell-specifically. 
Proposal 6: CSS at least for RMSI scheduling is scrambled based on cell ID. FFS on including beam or SS block index to initialization of scrambling sequence.  

3. Conclusion
In this contribution, considerations on NR-PDCCH structure are discussed, and followings are proposed;
Proposal 1: REG bundle set based interleaving is supported for decreasing blocking probability.

Proposal 2: REG bundle set size (i.e., interleaver unit size) is configured for a CORESET.
Proposal 3: Handling on control mapping around SS block is necessary.
Proposal 4: MU-MIMO operation using orthogonal DMRS is supported.

Proposal 5: The length-3 OCC is applied to DMRS of NR-PDCCH if working assumption is confirmed.
Proposal 6: CSS at least for RMSI scheduling is scrambled based on cell ID. FFS on including beam or SS block index to initialization of scrambling sequence.
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