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1. Introduction
In RAN1 #90b and post-meeting discussion [1], the following agreements on NR-PDCCH physical structure and DMRS have been reached. 
	Agreements:
· Support for a UE, configurable ID for PDCCH DMRS at least for the initialization of DMRS sequence/scrambling.
· FFS: whether this is used also for other purpose.
· FFS details including the applicability of configurable ID 
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
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
Agreements:
· Confirm the WA with the following clarifications (in red):
· For each CORESET, precoder granularity in frequency domain is:
· Configurable between i) equal to the REG bundle size in the frequency domain; or ii) equal to the number of contiguous RBs in the frequency domain within the CORESET
· For ii), DMRS is mapped over all REGs within CORESET.
· RAN1 assumes that CORESET for PDCCH scheduling RMSI can be configured with Option i)
· In Option ii) UE may assume DMRS is present in all REGs within the set of contiguous RBs of the CORESET where and when at least one REG of a candidate is mapped.




This contribution presents our view on some remaining details on NR-PDCCH structure and DMRS, specifically to address some of above FFS issues. 
2. Discussion
2.1 PDCCH coverage
According to the recent post RAN1-90b meeting discussion, it remains an open issue whether to support AL16 PDCCH in Rel-15. Due to the potential increase of PDCCH decoding complexity, we believe AL16 PDCCH should be supported only if the AL8 PDCCH can not meet the PDCCH coverage requirement in Rel-15. As such, link level simulations have been conducted to study the performances of AL8 PDCCH. Due to better performance observed in [2], REG bundle size of 6 REGs is employed in the simulations. The detailed simulation parameters are listed in Table A-1 in Appendix.         
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(a) DCI 20b, DS 30ns
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(b) DCI 20b, DS 300ns
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(c) DCI 40b, DS 30ns
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(d) DCI 40b, DS300ns
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(e) DCI 60b, DS 30ns
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(f) DCI 60b, DS 300ns



Figure 1. DMRS density of 1/4, random per-REGB precoder cycling, 2 control symbols, frequency first interleaved CCE-to-REG mapping, 6REGs/REGB 
It is observed from Fig. 1 that the SNR values to achieve 1% BLER for different cases are summarized in table 1 below.
Table 1 SNRs for PDCCH of AL8 and AL16 at 1% BLER
	SNRs [dB]
	TDL-A, DS: 30 ns
	TDL-A, DS: 300ns

	
	2 Tx
	4 Tx
	2 Tx
	4 Tx

	DCI: 20b
	AL8
	-5.2
	-6.8
	-6
	-7

	
	AL16
	-8.4
	-9.5
	-8.8
	-9.8

	DCI: 40b
	AL8
	-3.7
	-5.2
	-4.8
	-5.7

	
	AL16
	-6.8
	-8.4
	-7.9
	-8.8

	DCI: 60b
	AL8
	-3.2
	-4.4
	-4
	-4.9

	
	AL16
	-6
	-7.8
	-6.9
	-7.8



According to the simulation results in Table 1, we have the following observations
[bookmark: o1]Observation 1: 
· 1% BLER of PDCCH AL8 with 4 Tx in simulated cases can be achieved at the following SNR region (no implementation margin included).
· For small DCI size, e.g., 20b, 1% BLER can be achieved at SNR around -6.8dB. 
· For moderate DCI size, e.g., 40b, 1% BLER can be achieved at SNR around -5.2dB. 
· For large DCI size, e.g., 60b, 1% BLER can be achieved at SNR around -4.4dB.
Based on the simulation results, it can be observed that AL8 PDCCH with 4 Tx can meet the coverage requirement of 1% BLER achieved in the range of -3dB to -5dB. Note that considering the support of wideband RS for PDCCH, it is expected that additional performance gain can be achieved due to superior channel estimation performance. Hence, in our view, AL 16 for PDCCH may not be needed in Rel-15. If deemed necessary, it can be revisited later, e.g., for higher reliability use case for URLLC.  
[bookmark: p1]Proposal 1: 
· AL16 PDCCH is not necessary in Rel-15. 
· Higher reliability use cases for URLLC can be discussed later.  

2.2 Interleaving and REG bundling size for RMSI CORESET
According to agreements [1], for each CORESET, precoder granularity in frequency domain is configurable between i) equal to the REG bundle size in the frequency domain; or ii) equal to the number of contiguous RBs in the frequency domain within the CORESET. In case of option ii), DMRS is mapped over all REGs within CORESET. And it is further assumed that CORESET for PDCCH scheduling RMSI can be configured with Option i). 

Moreover, it is also agreed [1] that PBCH contents, except the SSB index, should be the same for all SS/PBCH blocks within an SSB burst set for the same center frequency. The maximum number of bits for configuration of RMSI CORESET(s) and RMSI timing in PBCH is X bits excluding the subcarrier spacing. RMSI CORESET(s) means the CORESET(s) configured by PBCH for monitoring PDCCH used to schedule RMSI. Configuration of RMSI CORESET(s) should consider at least the following properties: 1) bandwidth (PRBs); 2) frequency position (frequency offset relative to SS/PBCH block); and 3) a set of consecutive OFDM symbol indices in a slot corresponding to a single CORESET. It remains an open issue that signaling details including what is captured in specifications and what is signaled in the PBCH. 

To ensure high robustness and coverage, it is envisioned that PDCCH scheduling RMSI shall be transmitted in frequency distributed manner by virtue of interleaved CCE-to-REG mapping. Note that it was agreed that a block interleaver is operated on REGB for interleaved CCE-to-REG mapping, with the number of rows being configurable between 2, 3 and 6. Further, cyclic shift of the interleaving unit is applied based on the configurable ID. To reduce signaling overhead in MSI, it is more desirable to fix the REG bundle size and number of rows for block interleaver, e.g., 6. In addition, physical cell ID can be employed as cyclic shift of the interleaving unit.

During the email discussion, it was agreed that by RMSI, UE can be configured with at least one CORESET configuration at least for PDCCH for random access. Further, if not configured by RMSI, the CORESET configuration(s) for random access is/are the one(s) configured by PBCH. Given that the transmission occasions for RMSI and Msg. 2/3/4 during RACH procedure are different, it is beneficial to configure by RMSI separate monitoring periodicity for CORESET for PDCCH during random access, which can be independent of RMSI CORESET. In addition, same or different monitoring periodicity of CORESETs for PDCCH for scheduling of Msg. 2, 3 and 4 can be configured so as to provide full flexibility and resolve potential congestion for random access. 

[bookmark: p2]Proposal 2: 
· For RMSI CORESET,
· Interleaved CCE-to-REG mapping is applied,
· REG bundle size and number of rows for block interleaver are fixed.
· Cell ID is employed as cyclic shift of the interleaving unit.
· Monitoring periodicity of CORESETs for PDCCH for random access may be separately configured from that for RMSI, which can be configured by RMSI

2.3 PDCCH DMRS 
According to above agreements, PDCCH DMRS is evenly distributed within a REG, specifically DMRS REs are #1, #5 and #9 within the REG. Further, PDCCH DMRS sequence is obtained according to a reference point in frequency domain. To simplify the operation and ensure alignment between gNB and UE, reference point can be defined as the starting PRB of DL active BWP.
[bookmark: _GoBack]For DM-RS sequence generation, given that both symbol level and slot level CORESET are supported for PDCCH, the initialization seed of DM-RS sequence for PDCCH can be defined as a function of starting symbol index of the configured CORESET, slot index and virtual cell ID. In this regard, different DM-RS sequences may be generated at different symbols, which can help to avoid consistent interference when symbol level CORESET is configured. 
Similar to PDCCH resource mapping, DM-RS sequence is mapped first in frequency within a REG, and then in time. Figure 1 illustrates the DM-RS sequence mapping rule for PDCCH. 
[image: ]
[bookmark: _Ref498721409]Figure 1. DM-RS sequence mapping
[bookmark: p4]Proposal 3: 
· For DM-RS sequence generation and mapping, reference point is the starting PRB of DL active BWP.
· DM-RS sequence is generated as a function of starting symbol index, slot index and virtual cell ID.
· DM-RS is mapped first in frequency within a REG, and then in time.

3. Conclusions
Given the discussion above, our observations and proposals in this contribution are summarized as follows.
Observation 1: 
· 1% BLER of PDCCH AL8 with 4 Tx in simulated cases can be achieved at the following SNR region (no implementation margin included).
· For small DCI size, e.g., 20b, 1% BLER can be achieved at SNR around -6.8dB. 
· For moderate DCI size, e.g., 40b, 1% BLER can be achieved at SNR around -5.2dB. 
· For large DCI size, e.g., 60b, 1% BLER can be achieved at SNR around -4.4dB.

Proposal 1: 
· AL16 PDCCH is not necessary in Rel-15. 
· Higher reliability use cases for URLLC can be discussed later.  

 Proposal 2: 
· For RMSI CORESET,
· Interleaved CCE-to-REG mapping is applied,
· REG bundle size and number of rows for block interleaver are fixed.
· Cell ID is employed as cyclic shift of the interleaving unit.
· Monitoring periodicity of CORESETs for PDCCH for random access may be separately configured from that for RMSI, which can be configured by RMSI

Proposal 3: 
· For DM-RS sequence generation and mapping, reference point is the starting PRB of DL active BWP.
· DM-RS sequence is generated as a function of starting symbol index, slot index and virtual cell ID.
· DM-RS is mapped first in frequency within a REG, and then in time.
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Appendix
Table A-1. Link level simulation parameters for PDCCH coverage performance
	Parameters
	Value

	Carrier frequency [GHz]
	4

	Channel model
	TDL-A, Delay scaling: 30ns/300ns

	Channel coding
	Polar codes with 24bits CRC

	Number of gNB transmit antennas
	2, 4

	Number of UE receive antennas
	2

	UE speed [km/h]
	3

	Numerology [KHz]
	15

	System bandwidth [MHz]
	20

	DCI payload size [Bits]
	20, 40, 60

	RB allocations for control resource set
	[1:48]

	Number of control symbols
	2

	Number of REGs/CCE
	6

	Number of REGs per REG bundle
	6

	CCE-to-REG mapping
	Frequency first interleaved.

	Aggregation levels
	8, 16

	Transmission scheme
	Random per-REGB precoder cycling

	DMRS
	DMRS 1/4 density. 

	Channel estimation
	MMSE, averaging within REGB

	UE receiver
	MMSE
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