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1 Introduction

In this contribution, we will mainly discuss and make proposals for the remaining issues of the search space. This includes aspects for the search space design, PDCCH monitoring periodicities and the UE blind detection.
2 UE blind decoding and decoding PDSCH complexity limitations 

2.1 Analysis
In NR, the UE can be configured with multiple search space sets on the active DL BWP on each activated serving cell, with multiple search spaces being associated with one or more CORESET(s). Different DCI formats may require different monitoring periodicities or monitoring occasions, e.g. to support different services. The UE may need to be configured to monitor the PDCCH in different search space sets. When the UE has detected a PDCCH in a search space and the PDCCH contains a DL scheduling DCI, it should then decode this data of the PDSCH based on the contents of the resource allocation field and the time-domain resource allocation in the DCI. The time domain resources may consist of multiple symbols in one or more slots. During the PDSCH decoding, the UE should still monitor the PDCCH in other search spaces. That means that the UE should decode data in the PDSCH and blind detect of PDCCH(s) at the same time. This processing results in high complexity for the UE and RAN1 need to find solutions to relax these requirements.
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Figure 1 - Decode data in the PDSCH and blind detection of PDCCH(s) at the same time
2.2 Proposed change for the issue 
Considering power saving and the limitation of the hardware processing capability at the UE side of UEs, a possible option is to limit the UE functionality. There are two possible rules to be captured in the specifications:
1. If UE had detected a PDCCH in a search space and starts to decode data in the associated PDSCH, the UE shall stop the blind decoding of other PDCCH candidates during the data decoding time regardless of another PDCCH search space monitoring occasions configured in the symbols for PDSCH decoding.
2. If UE had detected a PDCCH in a search space and starts to decode data in the associated PDSCH, the UE shall stop decoding the data if another PDCCH search space monitoring occasions configured in the symbols for PDSCH decoding.
3 Search space design 

3.1 Analysis
In the RAN1 #91 meeting [1], the following agreements on search space design for PDCCH have been made.
	Conclusion:

· RAN1 common understanding is that the PDCCH channel estimation complexity is not negligible at least in some cases.

· FFS: Possible solutions to resolve the channel estimation complexity issue together with the impact on PDCCH blocking probability

· Opt.1: Define the limits of “the number of CCEs for PDCCH channel estimation which refers to the union of the sets of CCEs for PDCCH candidates”

· Note: the overlapped CCEs associated with different CORESETs are counted separately.

· FFS: CCEs for the same precoder-granularity are counted as one channel estimation

· FFS: whether/how to handle the variation on the actual number of CCEs for PDCCH channel estimation and BDs over time

· Application of overbooking is considered

· Strive for not having specific UE capability to report the maximum number of CCEs for PDCCH channel estimation.

· Study the solutions considering the cases 1-1, 1-2, 2, and 2’.

· Opt.2: Modify the hashing function

· Opt.3: Increase the size of the precoder granularity


In this section, we analyze which option should be chosen to reduce the channel estimation complexity.

In option 1, for the case of overlapping search spaces, the overlapping CCEs should be counted as one. For different numbers of candidates per AL and different bandwidths for a CORESET, the number of overlapped CCEs among different aggregation levels is variable. We need to agree the counting for number of CCEs for PDCCH channel estimation. In addition, we need to define how to reduce the number of CCEs for each aggregation level. It is not desirable to remove all candidates in on aggregation level. As for the option 3, the BLER performance of PDCCH could be worse. Larger size of the precoder granularity may limit the precoder diversity. Considering those, we consider firstly the search space design to resolve the channel estimation complexity.

We will give simulation comparison among the following different schemes of search space design.

· Scheme 1: LTE PDCCH hashing function is adopted.

· Scheme 2: LTE ePDCCH hashing function is adopted.

· Scheme 3: LTE EPDCCH mechanism is adopted as hashing function for the highest aggregation level. For the aggregation level(s) other than the highest aggregation level, hashing function in LTE EPDCCH is adopted within the set of CCEs corresponding to the PDCCH candidates of the highest aggregation level.
· Scheme 4: LTE EPDCCH mechanism is adopted as hashing function for the highest aggregation level. For the aggregation level(s) other than the highest aggregation level, all candidates are randomly selected from combinations/patterns in granularity of the AL among the CCEs of candidates corresponding to the highest aggregation level.
· Scheme 5: All candidates are randomly selected from combinations/patterns in granularity of the AL in the CORESET for the highest aggregation level. For the aggregation level(s) other than the highest aggregation level, all candidates are randomly selected from combinations/patterns in granularity of the AL among the CCEs of candidates corresponding to the highest aggregation level.

[image: image2.emf]1 2 3 4 5 6 7 8 9 10

Number of UEs

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

P

D

C

C

H

 

b

l

o

c

k

i

n

g

 

p

r

o

b

a

b

i

l

i

t

y

32 CCE

Scheme 1:LTE PDCCH

Scheme 2:LTE ePDCCH

Scheme 3:LTE ePDCCH + LTE ePDCCH(nest)

Scheme 4:LTE ePDCCH + random(nest)

Scheme 5:random + random(nest)


(a)

[image: image3.emf]1 2 3 4 5 6 7 8 9 10

Number of UEs

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

P

D

C

C

H

 

b

l

o

c

k

i

n

g

 

p

r

o

b

a

b

i

l

i

t

y

64 CCE

Scheme 1:LTE PDCCH

Scheme 2:LTE ePDCCH

Scheme 3:LTE ePDCCH + LTE ePDCCH(nest)

Scheme 4:LTE ePDCCH + random(nest)

Scheme 5:random + random(nest)


(b)
Figure 2 - Blocking probability for different schemes

For the above several schemes, the simulation results are shown in Figure 2. In our simulation, it is assumed that the numbers of PDCCH candidates are 6, 6, 2, and 2 for aggregation levels 1, 2, 4 and 8, respectively. And it is assumed that aggregation level distributions are 40%, 30%, 20%, and 10% for aggregation levels 1, 2, 4, and 8 respectively. The total number of CCEs for the control region is 32 and 64. 

As seen in figure 2, both scheme 1 and scheme 3 has a very high blocking probability, and thus we should choose one scheme from the remaining options. In scheme 2, the blocking probability is lowest among all candidates, but the number of CCEs for PDCCH channel estimation is very high. In scheme 5, the blocking probability is very low, but the scheduling gain is not so good. As for scheme 4, it has comparable blocking probability as scheme 5 but also provides a good scheduling gain. According to the above discussion, when blocking probability, the number of CCEs for PDCCH channel estimation and the scheduling gain are considered together, the scheme 4 is preferred. 

For scheme 4, we suggest that all candidates for lower aggregation level are randomly selected as follows. More specifically, multiple candidate patterns can be predefined. One of them is randomly selected for the UE’s PDCCH blind decoding. Each candidate pattern shows M (M is equal to the number of candidates at an AL for the UE) selected candidate positions from a search space region containing N available candidate positions without overlapping with each other. 

However, there may be different number of candidates and different search space regions for different AL. A unified design should be considered. The existing formula for the LTE CSI report for best sub-band selection could be used for this candidate selection. For illustration, each candidate pattern can be determined through a combinatorial index 
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which is defined as: 
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 is the extended binomial coefficient, resulting in unique label 
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For the highest aggregation level, take as example as the case shown in figure 3 that the search space region for available candidate positions is equal to the whole CORESET containing 32 CCEs. As a result, there are four available candidate positions; one UE would be selected two candidates according to LTE ePDCCH hash function.
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Figure 3 - An example of multiple candidate patterns for highest AL

For lower aggregation levels, the search space region for the available candidate positions of the lower aggregation levels is the CCEs that are covered by the highest AL candidates. Figure 4 shows an example for lower aggregation level (AL4). In figure 4, there are four available candidate positions, each consisting of 4 contiguous CCEs. Two candidates, 
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, would be selected from the available four candidate positions. Thus, there are total of 6 possible patterns, and each pattern is corresponding to one combinatorial index
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Figure 4- An example of multiple candidate patterns for lower AL

The UE can randomly select one combinatorial index 
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from the unique label 
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 to determine a unique candidate pattern for blind detection. A Hash function can be used to realize this randomized selection. For example, the value of 
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 at slot/mini-slot k 
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 can be associated with UE ID, etc. 
Proposal 1: we suggest that the following method is adopted for the search space design of NR-PDCCH. 

· LTE ePDCCH Hashing function is reused for the highest aggregation level.

· For the aggregation level(s) other than the highest aggregation level,
· All candidates are randomly selected from combinations/patterns in granularity of the AL among the CCEs corresponding to the highest aggregation level, and combinatorial index is used to generate random combinations/patterns.
3.2 Proposed change for the issue 
Based on the above analysis, we propose the following changed text proposal.

-------------------------------------Text proposal for Subclause 10.1 in TS 38.213----------------------------------------
	10.1
UE procedure for determining physical downlink control channel assignment

......

For a control resource set 
[image: image23.wmf]p

, the CCEs of the highest CCE aggregation level corresponding to PDCCH candidate 
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 of the search space for a serving cell corresponding to carrier indicator field value 
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For lower CCE aggregation level L, whole resource of the candidates with highest aggregation level is divided into 
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 corresponds to CCE index 
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within the candidates of highest aggregation level, where 
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 is used to determine a unique random candidate pattern for blind detection. Combinatorial index is generated by 
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 is the extended binomial coefficient, resulting in unique label 
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for any common search space,
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4 Monitoring slots for PDCCH
4.1 Analysis
In configuration about SS other than type0 PDCCH in section 10.1 of TS 38.213, the variable 
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  is described as PDCCH monitoring periodicity. In addition, the variable 
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  also appears in the search space formula, as shown below.
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The meaning of 
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 in the search space formula cannot be interpreted as PDCCH monitoring periodicity and it is not defined in TS 38.213. To avoid confusion, we rename the parameter in SS configuration and add definition in the formula. 
Proposal 2: To avoid confusion, we suggest that RAN1 should rename the parameter for PDCCH monitoring period and add definition for kp in the formula generating search space.

4.2 Proposed change for the issue 
Based on the above analysis, we propose the following changed text proposal.

-------------------------------------Text proposal for Subclause 10.1 in TS 38.213----------------------------------------
	10.1
UE procedure for determining physical downlink control channel assignment

......
For each serving cell that a UE is configured to monitor PDCCH in a search space other than Type0-PDCCH common search space, the UE is configured the following:

-
 a number of search space sets by higher layer parameter search-space-config; 

-
for each search space set in a control resource set 
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-
an indication that the search space set is a common search space set or a UE-specific search space set by higher layer parameter Common-search-space-flag; 

-
a number of PDCCH candidates 
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 by higher layer parameters Aggregation-level-1, Aggregation-level-2, Aggregation-level-4, Aggregation-level-8, and Aggregation-level-16, for CCE aggregation level 1, CCE aggregation level 2, CCE aggregation level 4, CCE aggregation level 8, and CCE aggregation level 16, respectively;

-
a PDCCH monitoring periodicity of kpKp 
 slots by higher layer parameter Monitoring-periodicity-PDCCH-slot;
-
a PDCCH monitoring offset of 
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 slots, where 
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kp, by higher layer parameter Monitoring-offset-PDCCH-slot;

-
a PDCCH monitoring pattern within a slot, indicating first symbol(s) of the control resource set within a slot for PDCCH monitoring, by higher layer parameter Monitoring-symbols-PDCCH-within-slot.  

......
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 is the carrier indicator field value if the UE is configured with a carrier indicator field for the serving cell on which PDCCH is monitored; otherwise, including for any common search space, 
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 is the number of PDCCH candidates the UE is configured to monitor for aggregation level 
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 slot monitoring PDCCH in the current radio frame.
for any common search space, 
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5  Period for PDCCH Monitoring
5.1 Analysis
RAN1 has agree to support X+Y ms slot structure by the cell-specific RRC configuration of the semi-static DL/UL assignment. One typical configuration is 2 ms. One example of the slot structure consist of 4 slots @ 30kHz SCS as shown in figure 5. Mismatching can happen with the current defined PDCCH monitoring period. More specifically, the PDCCH monitoring period should be chosen from {1-slot, 2-slot, [5-slot], [10-slot], [20-slot]}. If one UE chose 5-slot PDCCH monitoring period from these values, the slot monitoring PDCCH may fall into UL slots for the slot structure in. To avoid this problem, we propose to add the PDCCH monitoring period of 4 slots and 8 slots into the existing PDCCH monitoring periods.
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Figure 5 - slot structure consisting of 4 slots

Proposal 3: PDCCH monitoring periodicities of 4, 8 and 16 slots are added into the existing PDCCH monitoring periods.
5.2 Proposed change for the issue 
We propose to add the PDCCH monitoring periodicities with 2^n values into the existing PDCCH monitoring periods.
6 Conclusions

In this contribution, we mainly discussed the remaining issues for PDCCH and give some proposals and text proposals on these related issues. 
Proposal 1: we suggest that the following method is adopted for the search space design of NR-PDCCH. 

· LTE ePDCCH Hashing function is reused for the highest aggregation level.

· For the aggregation level(s) other than the highest aggregation level,
· All candidates are randomly selected from combinations/patterns in granularity of the AL among the CCEs corresponding to the highest aggregation level, and combinatorial index is used to generate random combinations/patterns.
Proposal 2: To avoid confusion, we suggest that RAN1 should rename the parameter for PDCCH monitoring period and add definition for kp in the formula generating search space.

Proposal 3: PDCCH monitoring periodicities of 4, 8 and 16 slots are added into the existing PDCCH monitoring periods.
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