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Introduction
The agreements related to REGs to CCE mapping in RAN1#88 are follows.
Agreements:
· [bookmark: _GoBack]FFS details of mapping of NR-PDCCH in time and frequency, considering the following options:
· Frequency first mapping of REGs to CCEs, frequency first mapping of CCEs to search space candidate 
· Time first mapping of REGs to CCEs, time first mapping of CCEs to search space candidate
· Frequency first mapping of REGs to CCEs, time first mapping of CCEs to search space candidate
· Time first mapping of REGs to CCEs, frequency first mapping of CCEs to search space candidate
· Down-selection should be discussed, including of the number of supported option(s)
This contribution shows our view on REGs to CCE mapping and CCEs to search space mapping including CORSET size.
Discussion
REG bundling and shared DMRS among REGs 
In this section we discuss REG bundling and shared DMRS among REGs.
REG bundling
REG bundling means UE can assume the precoding of multiple REGs are same. Using this knowledge, the energy of DMRS is equivalently increased and the channel estimation performance is increased without increasing DMRS density as far as bundling size is within coherent time/bandwidth. The simulation in [1][2] shows the gain of REG bundling. REG bundling can be realized by frequency domain and time domain.
Frequency domain REG bundling can be used for any control resource set (CORSET) symbol lengths. The adjacent REGs in the frequency are sent with the same precoding. If 2 REGs bundling is assumed, distributed mapping means 2 adjacent REGs and 2 adjacent REGs are distributed. Localized mapping may be only with adjacent 2 REGs. Frequency domain REG bundling size is restricted by the frequency selectivity of the channel.
Time domain REG bundling can be used when CORSET symbol length is 2 or more. Each adjacent REG in time contains DMRS and these two adjacent REGs are sent with the same precoding. This is especially useful for localized mapping of PDCCH transmission as it works well even if the frequency selectivity is severe because frequency granularity is not increased by this time domain REG bundling.
Proposal 1: Frequency domain REG bundling and time domain REG bundling should be supported in NR.

DMRS sharing among REGs 
DMRS sharing among REGs means the demodulation of REG not containing DMRS is realized by the DMRS in adjacent REGs. In the frequency domain, we assume DMRS is available in each PRB (REG) in order to have regular frequency domain structure. Therefore, we assume DMRS is located in every PRB(REG) in frequency domain. On the other hand, DMRS sharing among adjacent REGs in time would be useful. It means RS on OFDM symbol#0 is used for REGs not containing DMRS in next OFDM symbols for a different REG on a same PRB.

Relation of DMRS and adjacent REGs in time domain
There are three cases of DMRS and adjacent REGs relation in time domain. These three cases should be supported as the use cases are different. The configuration of these could be per CORSET. 
1) Adjacent REGs in time domain uses the same precoding. DMRS is sent in each REG. This is the case of REG bundling in time. This is useful to improve channel estimation.
2) Adjacent REGs in time domain uses the same precoding. DMRS is sent in the earlier time REG only. For different REGs, this is the case of DMRS sharing among REGs. This is useful for to improve the performance of higher coding in lower aggregation level as to reduce DMRS overhead can decrease coding rate.
3) Adjacent REGs in time domain uses the different precoding. This is rather ordinary way of the operation. 
Proposal 2: Adjacent REGs in time domain support three way of the DMRS usage. 1) To use the same precoding and DMRS is sent in each REG, 2) To use the same precoding but DMRS is located in the time first REG only, and 3) To use different precoding and DMRS is located in each REG. The configuration is for each CORSET.

REGs to CCE mapping
Time first mapping or frequency first mapping?
For mapping of REGs to CCE, frequency first mapping and time first mapping were identified in the last RAN1 meeting. Frequency first mapping has the merit to reduce the latency and time first mapping has the merit of the coverage by having more energy. Therefore, ideally both should be supported. On the other hand, as CORSET concept was agreed, we propose to realize both mapping schemes by using CORSET configuration.  
When shorter latency is required, a CORSET with1 symbol length can be configured. Then regardless of time or frequency first mapping, the actual behaviour is always frequency first mapping. A CORSET with 2 or more symbols length case can be always time first mapping if we define time first mapping.
When both latency and coverage are required, a CORSET with1 symbol length and a CORSET with 2 or more symbol can be configured simultaneously as RAN1 agreed to have the possibility of multiple CORSETs configuration per UE.
Proposal 3: Only time first mapping of bundled REGs to CCE mapping is supported. Frequency first mapping is realized by CORSET with 1 symbol length.

CCE size and bundled REG size
Considering REG size and expected PDCCH payload, we see CCE size candidate is 4, 6 or 8 REGs. 
If CCE size is 4 REGs, candidate REG bundling size is 2. If CCE size is 8 REGs, candidate REG bundling size is 2 or 4 REGs. This REG bundling size can be applied regardless of time or frequency domain REG bundling. This REG bundling size can be applied when CORSET symbol lengths are power of 2 to make CCE resource structured manner.
If CCE size is 6, candidate REG bundling size varies based on CORSET symbol length. For frequency domain bundling, if CORSET symbol length is 2, REG bundling size 3 is suitable. If CORSET symbol length is 3, REG bundling size 2 is suitable. If the other values are used, a CCE does not form structured manner. We think constant REG bundling size is important/useful to simplify the channel estimation. Therefore, we prefer not to use CCE size 6.
Proposal 4: A CCE is formed by FFS between 4REGs or 8REGs. If a CCE is formed by 4 REGs, frequency domain REG bundling size is 2. If a CCE is formed by 8 REGs, frequency domain REG bundling size is FFS between 2 or 4.

Supported CORSET symbol length
We propose to support CORSET length with only power of 2. This means 1, 2, 4 and 8 OFDM symbols. Then all following relations are power of 2.
- REG bundling size is power of 2 
- CCE is formed by power of 2 
- CCE aggregation size is power of 2 
- CORSET symbol length is power of 2  
Figure 1 is the example based on the above proposal. It show the case that CCE is formed by 4 REGs, REG bundling size is 2, time-first REG bundling. It shows regular and structured manner.
                                [image: ]
(a) CORSET length 1                       (b) CORSET length 2                       (c) CORSET length 4
Figure 1
CORSET symbol length 3 does not allow such structured mapping related to REGs, CCE and CCE aggregations. Therefore, we don't want to support CORSET symbol length 3.
In LTE, PDCCH control region with 3 OFDM symbols are supported and we see the need of similar control resource usage. In NR PDCCH, the number of PRBs can be configured per CORSET, amount of resource of CORSET can be flexible by the number of PRBs (frequency domain) for a CORSET. PDCCH 3 symbol equivalent can be realized by the sum of CORSET length 1 and 2. 
The CORSET length 7 would be necessary to support larger coverage case of PDCCH. In this case, CORSET length 7 can be realized by rate matching or puncturing from CORSET length 8.

Proposal 5: The supported CORSET length is 1, 2, 4 and 8. 7 OFDM symbol length can be realized by 8 symbol case is rate matching or puncturing.

Others
Blind decoding
The two payload size operation like DCI format 1A and 2B in LTE works well, i.e. the smaller DCI format is used for fall-back operation and the larger DCI format is more elaborated signalling. We think this operation is the baseline of the discussion. 
In LTE, the issue of false detection is raised up in case the number of blind decoding is increased. In order to ease false detection /consistency check detection, to have enough CRC is required for polar code. 
Conclusion
From the discussion, we propose follows
Proposal 1: Frequency domain REG bundling and time domain REG bundling should be supported in NR.
Proposal 2: Adjacent REGs in time domain support three way of the DMRS usage. 1) To use the same precoding and DMRS is sent in each REG, 2) To use the same precoding but DMRS is located in the time first REG only, and 3) To use different precoding and DMRS is located in each REG. The configuration is for each CORSET.
Proposal 3: Only time first mapping of bundled REGs to CCE mapping is supported. Frequency first mapping is realized by CORSET with 1 symbol length.
Proposal 4: A CCE is formed by FFS between 4REGs or 8REGs. If a CCE is formed by 4 REGs, frequency domain REG bundling size is 2. If a CCE is formed by 8 REGs, frequency domain REG bundling size is FFS between 2 or 4.
Proposal 5: The supported CORSET length is 1, 2, 4 and 8. 7 OFDM symbol length can be realized by 8 symbol case is rate matching or puncturing.

Reference
[1] R1-1702808 “Views on NR-PDCCH structure,” NTT DOCOMO, INC.
[2] R1-1702974 “DMRS Design Aspects,” Samsung
[3] R1-1705175 “Configuration of CORSET and Search space design,” Panasonic
4

1
3GPP
image1.emf
PRB#0

PRB#1

PRB#2

PRB#3

PRB#4

PRB#5

PRB#6

PRB#7

PRB#8

 symbol #0 #1

PRB#9

PRB#10

PRB#11

PRB#12

PRB#13

PRB#14

PRB#15

NR-CCE PRB#0

PRB#1

PRB#2

PRB#3

PRB#4

PRB#5

PRB#6

PRB#7

PRB#8

 symbol #0 #1 #2

PRB#9

PRB#10

PRB#11

PRB#12

PRB#13

PRB#14

PRB#15

#3

NR-CCE

Aggregation level 2

PRB#0

PRB#1

PRB#2

PRB#3

PRB#4

PRB#5

PRB#6

PRB#7

PRB#8

 symbol #0

PRB#9

PRB#10

PRB#11

PRB#12

PRB#13

PRB#14

PRB#15

NR-CCE

NR-CCE


