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1 Introduction

At the RAN1 #97 meeting the following was agreed:
	Agreement:
· Additional durations from 2 to 13 (other than 2, 4 and 7 which are already supported in Rel-15) for PDSCH mapping type B are supported. 

· FFS: A duration of 14

· FFS: DMRS aspects for the additional durations (Reuse Rel-15 patterns or define new patterns for these additional durations)

· Capability signalling will be defined for UEs to indicate which specific subset of durations are supported by the UE.

· FFS: Some duration(s) are mandatory for the UE to support for initial access

· FFS: PDSCH processing times for the new durations (reuse the values for durations of 2/4/7 or define new ones) 

· Note: PDCCH monitoring occasions will be discussed separately as part of the NR-U WI

· Note: This agreement does not by itself imply an increased requirement in PDSCH processing and decoding capabilities compared to Rel-15



In addition, RAN1 #98bis agreed the following: 
	Agreement:
· A UE can be provided with at least two groups (FFS: more than two groups) of search space sets for PDCCH. The UE can be configured to switch between the groups, indicated based on at least the following alternatives.
· Alt 1: implicitly e.g. after detection of [FFS: DL burst, (WB-)DM-RS, GC-PDCCH and/or PDCCH] and/or e.g., based on information on COT structure.

· Alt 2: explicitly in GC-PDCCH and/or PDCCH

· Search space sets that are not part of the configured groups (e.g., a common search space set) will always be monitored by the UE regardless of the search space set indication

· A single search space set can be part of more than one group.

· It is up to RAN2 to optimize the signalling to minimize overhead.


This contribution aims to complete the above two agreements.

2 Additional Durations for PDSCH Mapping Type B
RAN1 already agreed to support additional PDSCH mapping type B durations other than {2,4,7} OFDM symbols, namely, all durations between two and 13 OFDM symbols. Support of PDSCH mapping type B resource allocations of 14 OFDM symbols is still being discussed.
The argument that was made against supporting PDSCH mapping type B durations of 14 OFDM symbols was that one can simply use PDSCH mapping type A. This, however, is true for other durations as well, that start before the fourth or fifth OFDM symbol of a slot and span until the end of a slot. 
Rel. 15 specifications already support means to FDM PDCCHs/CORESETs with PDSCH mapping type B, e.g., Section 7.4.1.1.2 of TS 38.211, see box, and anyway, FDM of PDSCH mapping type B and PDCCHs/CORESETs would apply to any PDSCH mapping B duration, although it can be argued 14 OFDM symbols is the only duration where it cannot be avoided. But since Rel. 15 already supports this kind of FDM, there is no issue, not with 14 OFDM symbols, and not with other durations. 
	For PDSCH mapping type B

-
if the PDSCH duration [image: image2.png]


 is 2, 4, or 7 OFDM symbols for normal cyclic prefix or 2, 4, 6 OFDM symbols for extended cyclic prefix, and the PDSCH allocation collides with resources reserved for a search space set associated with a CORESET, 
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 shall be incremented such that the first DM-RS symbol occurs immediately after the CORESET and


Lastly, not supporting PDSCH mapping type B durations of 14 OFDM symbols would lead to very strange UE operation. For all durations, the DMRS would be on the first symbol of the PDSCH, except for 14 OFDM symbols, since mapping type A applies, the DMRS jumps to the third or fourth symbol of the PDSCH. Supporting any duration, except one OFDM symbol, for PDSCH mapping type B allows for a more unified implementation and an easier operation. Hence, we propose that PDSCH mapping type B allocations with 14 OFDM symbols are supported.
Proposal 1: PDSCH mapping type B allocations with 14 OFDM symbols are supported

DMRS aspects for the additional durations are another open issue and the two options are to reuse Rel. 15 patterns or to define new patterns for these additional durations. Since NR-U carriers are best effort carriers, predominantly configured as SCells, for small cells with low mobility to provide utmost throughput, the DMRS design does not have to be overly optimized, e.g., for high speed scenarios or very large cells. Rather, ease of specification should guide the design. Accordingly, we prefer to reuse existing patterns to the largest extend. 
Since patterns for {2,4,7,9,10} OFDM symbols are readily available, new durations of {3}, {5-6}, {8} and {11-14} OFDM symbols could simply reuse the patterns for {2}, {4}, and {7} OFDM symbols. Appending additional data symbols to the existing allocations should have no impact on the DMRS design, just like a single DMRS pattern for PDSCH mapping type A suffices for any length as long as the PDSCH starts before or with the symbol carrying the DMRS. A similar approach can be followed for additional symbols carrying DMRS, i.e., rules for existing durations of {2}, {4}, and {7} OFDM symbols are applied for new durations of {3}, {5-6}, {8} and {11-14} OFDM symbols whereby new data carrying symbols without DMRS are simply appended to the end of existing durations.

Proposal 2: New data carrying symbols without DMRS are simply appended to the end of existing durations
· New durations of {3}, {5-6}, {8} and {11-14} OFDM symbols reuse the patterns for {2}, {4}, and {7} OFDM symbols
· For additional symbols carrying DMRS, rules for existing durations of {2}, {4}, and {7} OFDM symbols are applied for new durations of {3}, {5-6}, {8} and {11-14} OFDM symbols
Similar to the DMRS aspects, PDSCH processing times for the new durations need to be discussed. Baseline should again be to reuse the values for durations of {2,4,7} OFDM symbols. New durations of {3} and {5-6} OFDM symbols could simply reuse the PDSCH processing time rules for {4} and {7} OFDM symbols as shorter allocations ease UE processing constraints. For new durations of {8-14} OFDM symbols, PDSCH mapping type A values could be reused. Note that a PDSCH mapping type A allocation has DMRS on the third or fourth OFDM symbol, whereas PDSCH mapping type B carries the DMRS at the beginning of the allocation. Hence, processing can commence faster with PDSCH mapping type B as compared to mapping type A resulting in an advantage for PDSCH mapping type B. Generally, UE processing times for new durations need not be over-optimized as the main reason for their use is efficient handling of partial slots, not low latency.

Proposal 3: UE processing times for new durations need not be over-optimized as the main reason for their use is efficient handling of partial slots, not low latency
· New durations of {3} and {5-6} OFDM symbols reuse the PDSCH processing time rules for {4} and {7} OFDM symbols as shorter allocations ease UE processing constraints
· New durations of {8-14} OFDM symbols reuse the PDSCH processing time rules for PDSCH mapping type A

3 Switching of Search Space Set Groups
NR Rel. 15 defines slot based and non-slot based scheduling: 

· 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

Since a gNB can grab the channel at any time, PDCCH monitoring case 2 is beneficial to reduce the latency of NR-U. However, PDCCH monitoring case 2 comes at the expense of increased power consumption at the UE. The benefits of both PDCCH monitoring periodicities, i.e., the power efficiency of case 1 and the reduced overhead and latency of case 2, can be harnessed by switching between the two cases depending on whether a UE has been scheduled or not. For example, a UE may monitor for PDCCH candidates according to case 2. When a DL or UL assignment is received, it switches to PDCCH monitoring case 1 for the COT duration. Thereafter, it resumes PDCCH monitoring according to case 2.

At the last RAN1 meeting, two alternatives were discussed to switch between search space set groups.

· Alt 1: implicitly e.g. after detection of [FFS: DL burst, (WB-)DM-RS, GC-PDCCH and/or PDCCH] and/or e.g., based on information on COT structure.

· Alt 2: explicitly in GC-PDCCH and/or PDCCH

Monitoring for a PDCCH on each and every OFDM symbol may be too power consuming. For one, it prevents any opportunity for micro-sleep cycles of the UE hardware. Moreover, blind decoding is generally considered a computationally complex task at the UE chipset. This is why other technologies such as IEEE 802.11 rely on preamble detection instead.

The reason blind decodes of PDCCH candidates are complex and power consuming is the involvement of FEC. Correlator-based  energy detection at small time intervals is much friendlier to battery life as opposed to frequent blind detection of PDCCH candidates. Instead of using costly blind decodes to monitor for potential PDCCH candidates, a UE may only initiate decoding of a PDCCH candidate after successful correlator-based energy detection.  Such correlator-based energy detection can be based on the PDCCH DMRS.
However, while the PDCCH DMRS can indicate the beginning of a transmission burst, correlator-based  energy detection cannot convey information about the length of the burst or COT structure. For that, a channel with a payload is needed whose decoding requires a protocol and FEC. 

It is noted that DCI Format 2_0 can only be transmitted at the beginning of a slot while a COT can commence on any OFDM symbol. Hence, switching based on DL burst detection by means of PDCCH DMRS is possible on any symbol whereas switching based on an explicit GC-PDCCH only works at the beginning of a slot. 
We thus propose a two-step procedure that comprises both the PDCCH DMRS on any symbol to indicate the switch from group 1 to 2 together with a GC-PDCCH that indicates the COT structure from which the switch back to group 1 can be derived.

Proposal 4: Define a two-step procedure that comprises both the PDCCH DMRS on any symbol to indicate the switch from group 1 to 2 together with a GC-PDCCH that indicates the COT structure from which the switch back to group 1 can be derived
4 Conclusion

In this contribution, remaining issues for the PDSCH mapping type B design of NR-U were discussed. The following was proposed: 
Proposal 1: PDSCH mapping type B allocations with 14 OFDM symbols are supported

Proposal 2: New data carrying symbols without DMRS are simply appended to the end of existing durations
· New durations of {3}, {5-6}, {8} and {11-14} OFDM symbols reuse the patterns for {2}, {4}, and {7} OFDM symbols
· For additional symbols carrying DMRS, rules for existing durations of {2}, {4}, and {7} OFDM symbols are applied for new durations of {3}, {5-6}, {8} and {11-14} OFDM symbols
Proposal 3: UE processing times for new durations need not be over-optimized as the main reason for their use is efficient handling of partial slots, not low latency
· New durations of {3} and {5-6} OFDM symbols reuse the PDSCH processing time rules for {4} and {7} OFDM symbols as shorter allocations ease UE processing constraints
· New durations of {8-14} OFDM symbols reuse the PDSCH processing time rules for PDSCH mapping type A

Proposal 4: Define a two-step procedure that comprises both the PDCCH DMRS on any symbol to indicate the switch from group 1 to 2 together with a GC-PDCCH that indicates the COT structure from which the switch back to group 1 can be derived
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