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1 Introduction

During RAN1#80, potential enhancements to downlink signaling to support up to 32 component carriers were discussed. Some of the captured issues related to cross-carrier scheduling [1]
· Possible extension of the cross-carrier scheduling framework to more than 5 CCs

· FFS including:

· CIF (3bit vs. 5bit) as part of the UL/DL grants

· USS definition (in case of 3bit vs. 5bit CIF)

· Aspects to be considered (not limited to):

· DL control channel capacity limitation

· (E)PDCCH blocking/collision

· PHICH blocking/collision

· Increased false-detection rate with an increasing number DL carriers

· UE DL control decoding limitations incl. increasing number of blind decodes

show that cross-carrier scheduling up to 32carriers can strain the existing control channel design [2]. This contribution proposes a new scheduling method to support the scheduling of many carriers.
2 Cross-carrier framework
As described in [3], the current specifications support cross-carrier scheduling for up to 5 component carriers. How to implement cross-carrier scheduling for up to 32 carriers effectively and efficiently is discussed in this contribution. The approach of increasing the carrier indicator field (CIF) from 3 bits to 5 bits in the DCI allows resources to be scheduled across 32 carriers. This approach, however, does not address issues identified in the previous meeting including control channel capacity [3], blocking [3], and false detection rate [4]
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[5]. 
The issues of channel capacity and blocking highlight that not every carrier can be cross-carrier scheduled each TTI using the one DCI per payload per carrier scheduling method unless changes are made to increase the capacity (i.e., the number of (E)CCEs). In contrast, the issue of a potentially higher false detection rate is the consequence of validating a large number of blind detections with a 16-bit CRC. Note this issue exists for both cross-carrier scheduling and self-carrier scheduling. 

From a control channel design perspective, it would be desirable to reduce blocking, ensure sufficient capacity, and maintain the current false detection rate while enabling all resources to be scheduled. Achieving all these goals may be possible if a new scheduling method is considered.

3 New scheduling method
While using a DCI per PDSCH (PUSCH) can increase spectral efficiency (selection of best RBs and best MCS on each carrier), that efficiency benefit is mitigated by the scheduling and control cost of cross-carrier scheduling 32 carriers.
3.1 Scheduling considerations

Although the concept of a single DCI for multiple carriers was introduced during CA, c.f. [7], how to implement the HARQ process number, redundancy version (RV), modulation coding scheme (MCS), new data indicator (NDI), precoder, and antenna ports, across the carriers need additional investigation. The following lists some guidelines to consider:
· Size of the DCI: if all scheduling DCIs were concatenated, the length of this single DCI would be excessively large. If DCI format 1A were used for all 32 carriers, and each carrier had 100 PRBs, the length of the single DCI would be approximately 960 bits (32 carriers × ~30 bit format 1A DCI). Even with aggregation level L=8, the resulting coding rate would be much greater than one. If L=8 and rate ½ (for reliable communications) were assumed, the number of bits in the single DCI should not exceed 288 bits.
· Can common elements be factored to reduce the number of bits?
· The starting address and the number of PRBs: For example, with 100 PRBs, 13 bits are needed. Instead, when a carrier is scheduled, its entire bandwidth (or smaller sized blocks, e.g., 5 MHz) should be allocated to that UE. As a result, only one bit (2 bits) would be needed per carrier. The bit(s) would indicate whether the carrier (or block) is used. A drawback is the possibility of limited frequency selective scheduling on certain carriers.
· HARQ process number: If the same HARQ process number is shared across each carrier, there can be additional savings: the RV bits, the NDI bit. One approach is to define a transport block size (TBS) that is 32× larger than the current TBS. An alternate is to map the 32 carrier stop-and-wait processes with a single stop-and-wait process id while keeping the stop-and-wait process on each carrier independent. The NDI bit would be toggled upon successful completion of all HARQ processes (associated with that HARQ process number) or some timeout. Note that this alternate approach is not as efficient as the current approach of an independent HARQ process number on each carrier but it reduces overhead.
· MCS signaling: the 5-bit MCS field provides fine control of modulation and coding rate used. If a subset of allowable MCS values were used for each carrier, the overhead for MCS signaling can be reduced.
· Precoder / Antenna ports: the number of bits needed to signal the precoder / antenna port configuration as well as codeword swap is also a large percentage of overhead. If carriers with similar precoders and ports are grouped, there can be reduction of bits.
· Impact to HARQ-ACK feedback. The HARQ-ACK resources for PUCCH are based on the CCE index of the scheduling DCI (e.g., formats 1/1A/1B/2). Because one DCI is used, the mapping to PUCCH resources can use existing rules. 

There are other considerations including number of codewords per carrier, TDD and uplink power control. The underlying point is to how reduce the number of bits when the single DCI is used.
3.2 Grouping
Based on some of the considerations in the previous section, one possible scheduling method is shown in Figure 1. There is one group, the fine scheduling group, which contains carriers that can be scheduled with the existing cross-carrier scheduling method. The fine scheduling group is a subset of the group of all component carriers (i.e., coarse group). Note that the fine group can be extended to include 8 carriers. The single DCI would be used for the coarse group. It is possible that a UE can receive, in the same subframe, one or more DCIs corresponding to the fine group and the single DCI for the coarse group.
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Figure 1. Fine allocation and coarse groups
The scheduler can determine which carriers belong to the fine group based on factors such as CSI measurements, traffic, and loading. Procedures how to transfer carriers to/from the fine group quickly could be created. For carriers in the fine group, the scheduler can allocate smaller size payloads and utilize frequency selective scheduling.
Proposal 1: The existing 3-bit CIF should be used to schedule carriers belonging to the fine group.
3.3 Example DCI

To illustrate how the considerations in section 3.1 and the grouping in section 3.2 can lead to a single DCI of reduced size, a sample DCI allocation is presented in Table 1. Although this allocation excludes the MCS field, precoding, and other fields needed for scheduling, the reduction in the size of the single DCI can be large. Instead of using 608 bits (19 bits/carrier × 32 carriers, where the 19 bits are 13 bits for resource allocation, 3 bits for HARQ process number, 2 bits for RV, 1 bit for NDI), only 38 bits are needed for the combined fields. 
Table 1. Sample bit allocation for single DCI scheduling 
	Field
	Number of bits
	Description

	Carrier used mask
	32
	Bit mask indicating which carrier is used

	HARQ process
	3 (FDD), 4 (TDD)
	HARQ process number for group. Number of bits is based on frame configuration of Pcell

	Redundancy version
	2
	Redundancy version

	NDI
	1
	New data indicator

	Total
	38
	


Proposal 2: Coarse grouping of up to 32 carriers using a single DCI should be considered for cross-carrier scheduling. 
With a single DCI, the size of necessary fields for operation on each carrier needs to be determined. While there are some additional details to be resolved, the notion of coarse grouping allows flexible scheduling without impacting control channel capacity and false detection performance.
4 Conclusion

Using one DCI per payload per carrier scheduling method works well for cross-carrier scheduling when the number of carriers is small. Once the number of carriers is large (> 8), a different scheduling method should be considered. Grouping carriers needing some degree of resource control into a fine group allows the existing cross-carrier scheduling methods to be reused for those carriers. 

Proposal 1: The existing 3-bit CIF should be used to schedule carriers belonging to the fine group.
All configured component carriers can be scheduled with the single DCI, and for these carriers,
Proposal 2: Coarse grouping of up to 32 carriers using a single DCI should be considered for cross-carrier scheduling. 
Investigation of the necessary fields and how to keep the size of the single DCI reasonable is needed.
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