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1 Introduction
This document discusses limitations in regard to the configuration of the NR PDCCH when LTE and NR are deployed in overlapping spectrum. In particular, LTE CRS is always transmitted at the beginning of the slot. Hence, the NR PDCCH must be shifted towards the center of the slot to avoid collision with CRS REs. All NR UEs support such a shift during initial access. After the UE has been configured with a dedicated RRC configuration, however, only advanced UEs may support said shift. For the basic UEs, limitations thus arise as will be detailed in this contribution. Based on these restrictions, we make recommendations for PDCCH performance requirements in FR1 for scenarios where LTE and NR are deployed on overlapping DL spectrum. 
2 Performance requirement for 1 symbol PDCCH for LTE-NR co-existence scenarios
At the RAN1 #91 meeting, RAN1 made the following agreement:

	Agreements:

· For information, the following cases are clarified:

· Case 1: PDCCH monitoring periodicity of 14 or more symbols

· Case 1-1: PDCCH monitoring on up to three OFDM symbols at the beginning of a slot

· Case 1-2: PDCCH monitoring on any span of up to 3 consecutive OFDM symbols of a slot

· For a given UE, all search space configurations are within the same span of 3 consecutive OFDM symbols in the slot

· Case 2: PDCCH monitoring periodicity of less than 14 symbols

· Note: this includes the PDCCH monitoring of up to three OFDM symbols at the beginning of a slot


Case 1-2 PDCCH monitoring facilitates LTE-NR coexistence with DL sharing in overlapping spectrum by shifting the traditional PDCCH monitoring occasions on up to three OFDM symbols at the beginning of a slot towards the center of the slot in order to avoid collision of NR PDCCH transmissions with LTE CRS at the beginning of a slot. Consequently, case 1-2 PDCCH monitoring only applies to 15 kHz subcarrier spacing as captured in the NR RAN1 specifications [1]:

	If the higher layer parameter monitoringSymbolsWithinSlot indicates to a UE only one PDCCH monitoring occasion within a slot, the UE does not expect to be configured a corresponding search space set 
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 for a PDCCH subcarrier spacing other than 15 kHz if the control resource set 
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 associated with the search space 
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 includes at least one symbol after the third slot symbol. 

A UE does not expect to be provided a first symbol and a number of consecutive symbols for a control resource set that results to a PDCCH candidate mapping to symbols of different slots.

For a subcarrier spacing of 15 KHz, if the higher layer parameter monitoringSymbolsWithinSlot for a search space set 
[image: image4.wmf]s

 indicates to the UE only one PDCCH monitoring occasion in a slot for a corresponding control resource set 
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 and the control resource set 
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 includes at least one symbol after the third slot symbol, the UE expects that all PDCCH monitoring occasions configured to the UE are located within at most three same consecutive symbols in the slot.


For the type 1 common search space before the UE has a dedicated RRC configuration and for type 0, 0A, and 2 common search spaces, , case 1-2 PDCCH monitoring is a mandatory Rel. 15 NR UE feature without capability signaling [2]:
	3-1
	Basic DL control channel
	1) One UE-specific configured CORESET per BWP per cell in addition to CORESET0

- CORESET resource allocation of 6RB bit-map and duration of 1 – 3 OFDM symbols for FR1

- For type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSSs, CORESET resource allocation of 6RB bit-map and duration 1-3 OFDM symbols for FR2

- For type 1 CSS with dedicated RRC configuration and for type 3 CSS, UE specific SS, CORESET resource allocation of 6RB bit-map and duration 1-2 OFDM symbols for FR2

- REG-bundle sizes of 2/3 RBs or 6 RBs

- Interleaved and non-interleaved CCE-to-REG mapping

- Precoder-granularity of REG-bundle size 

- PDCCH DMRS scrambling determination

- Single TCI state for a CORESET configuration

2) CSS and USS configurations for unicast PDCCH transmission per BWP per cell

- PDCCH aggregation levels 1, 2, 4, 8, 16

- For type 1 with dedicated RRC configuration, type 3, and UE-SS, the monitoring occasion is within the first 3 OFDM symbols of a slot

- For type 1 without dedicated RRC configuration and for type 0, 0A, and 2, the monitoring occasion can be any OFDM symbol(s) of a slot
3) Monitoring DCI formats 0_0, 1_0, 0_1, 1_1

4) Number of PDCCH blind decodes per slot with a given SCS follows Case 1-1 table

5) Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot per scheduled CC

[6) Processing one of RA-RNTI or SI-RNTI or P-RNTI or C-RNTI in a slot per scheduled CC]


For the type 3 common search space, the UE-specific search space and for the type 1 common search space after the UE has a dedicated RRC configuration, case 1-2 PDCCH monitoring is optional [2]:
	3-2
	PDCCH monitoring on any span of up to 3 consecutive OFDM symbols of a slot
	[- Number of PDCCH blind decodes per slot with a given SCS follows Case 1-2 table for 15kHz SCS]
- For a given UE, all search space configurations are within the same span of 3 consecutive OFDM symbols in the slot


Hence, for a basic NR UE that does not support case 1-2 PDCCH monitoring with a dedicated RRC configuration, PDCCH monitoring is confined to within the first 3 OFDM symbols of a slot. However, this is also where LTE transmits CRS in all DL subframes. If the LTE carrier uses four cell-specific antenna ports, the first two OFDM symbols always carry CRS regardless of whether the DL subframe is a normal subframe or an MBSFN subframe. Consequently, the NR PDCCH can at most span one OFDM symbol as depicted in Figure 1 for both normal and MBSFN subframes assuming case 1-1 PDCCH monitoring which is a basic control channel feature for all Rel. 15 UEs. 
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Figure 1: PDCCH monitoring according to Case 1-1

It is possible for advanced UEs that support case 1-2 PDCCH monitoring to have the same maximum CORESET duration as basic UEs operating on dedicated NR spectrum, namely, 3 OFDM symbols in MBSFN subframes as depicted in Figure 2. However, it is also important to guarantee the same coverage with a single OFDM control symbol as operators cannot rely on the availability of MBSFN subframes and/or the deployment of optional features in their network planning.
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Figure 2: PDCCH monitoring according to Case 1-2

It is of utmost importance to every operator that NR coverage can match LTE coverage. Otherwise, huge capital investments are required in the form of new base stations. Hence, RAN4 shall define performance requirements for the case of 1 symbol PDCCH in 10MHz bandwidth. With respect to the detailed simulation parameters, a typical configuration shall be assumed (e.g., no wideband RS …) that can match LTE coverage (e.g., aggregation level 8 versus 16 …). 
Proposal:

· RAN4 to define performance requirements for the case of 1 symbol PDCCH in 10MHz bandwidth
· A typical configuration shall be assumed (e.g., no wideband RS …) that can match LTE coverage
3 Conclusion

In this contribution, we discussed the need for a performance requirement for 1 symbol PDCCH for LTE-NR co-existence scenarios. The following is proposed:
Proposal:

· RAN4 to define performance requirements for the case of 1 symbol PDCCH in 10MHz bandwidth
· A typical configuration shall be assumed (e.g., no wideband RS …) that can match LTE coverage
4 References
[1] R1-1805795, CR to TS 38.213 capturing the RAN1#92bis meeting agreements, Samsung 

[2] RP-180596, LS on NR UE feature list, RAN (NTT COCOMO)
_1587545073.unknown

_1587545075.unknown

_1587545076.unknown

_1587545077.unknown

_1587545074.unknown

_1587545072.unknown

