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1 Introduction

In 3GPP RAN1#58bis meeting it was concluded that PCFICH is independent per component carrier. Further, on any carrier with a control region, the Rel‑8 design (modulation, coding, and mapping) for PCFICH is re-used. In case of downlink cross carrier data allocation (using CIF), a PCFICH detection error on the data carrier (PDSCH CC) results in erroneous PDSCH decoding and consequently in a waste of DL resources. In addition the HARQ buffer will be corrupted, causing additional waste of DL resources for likely unrecoverable retransmissions and, hence, causing an RLC retransmission. In RAN1, some solutions are already discussed to avoid this PCFICH error. Further it has been agreed by email in RAN1 that a standardization solution will be applied ‎[1].
In this contribution we discuss different PCFICH detection error solutions and propose a specific PDCCH DCI CIF‑based approach which is inline with the agreed “way forward” in ‎[1].
This contribution is an update of R1‑100360.
2 PCFICH in cross CC operation
The different approaches for a standardization solution of the PCFICH value indication currently discussed in RAN1 are:
· Fixed PCFICH value where the UE assumes a fixed PCFICH value on the PDSCH CC, e.g. ‎[3]. The approach is straight forward and simple. However this creates two different eNB procedures, one for UEs scheduled on the same CC and another one for  UEs scheduled across component carriers. Moreover, the benefit of dynamically adjusting the PCFICH value is lost and results in a loss of up to 15% in PDSCH resources. Alternatively, the PCFICH value may be indicated semi‑statically ‎[4], e.g. every 200ms, but this requires additional higher layer signaling or additional physical channels. 
· Forcing the same the PCFICH values on the PDSCH CC and the PDCCH CC ‎[5]. Obviously, this results in a scheduler restriction to choose the same PCFICH values and is contracting to the RAN1 decision to support independent control region sizes per CC. Especially in case of heterogeneous network scenarios or in case of CCs with different bandwidth this may be highly inefficient, since the majority of the PDCCHs may be conveyed on carriers with high power (less interference) and, therefore, the control region size may be large (e.g. 3 OFDM symbols). In this case the low power CCs, which are cross-scheduled would also require a control region size of 3 OFDM symbols, although only a single OFDM symbol would be sufficient. This example would cause a loss of ~15% in PDSCH resources.
· Implicit indication by using PCFICH‑based CRC masking of the PDCCH DCI ‎[6]. This reduces the C‑RNTI space significantly and is, therefore, not desirable.
· Explicit PCFICH indication using a field in PDCCH DCI ‎[7]‎[9]‎[10]
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‎[11]. This seems to be the most flexible and reliable approach, since the PCFICH value is implicitly correctly received, when the PDCCH is correctly decoded. Moreover, the dynamic nature of the control region size is for cross carrier scheduling supported in the same way as for non-cross carrier scheduling. In most proposals this requires additional bits in the PDCCH DCI payload, which increases the control overhead for cross carrier scheduling additionally to the 3-bit CIF. As also mentioned in ‎[8], one possibility is to signal the carrier indicator jointly with the PCFICH value in the CIF. A solution based on this approach is further detailed in the next section. 
Proposal 1: Explicit PCFICH indication in the PDCCH DCI

3 PDCCH based PCFICH indication in cross CC operation
In 3GPP RAN1#59 meeting, it was agreed that the Carrier Indicator Field (CIF) if configured is a fixed 3 bit field with explicit indication on the PDCCH DCI. 3 bits result in 8 code points. Theoretically this allows to cross‑schedule up to 8 DL/UL CCs. However, in our view typically a UE aggregates only a small number of CCs (at most 5 DL CCs) which results in some CIF code points left un-used. For example, if utmost 5 DL CCs are configured, as shown in Table 1 there are 3 code points left unused. Note that, Table 1 shows the case where no code point is reserved for component carrier A transmitting PDCCH to assign PDSCH on same CC as proposed in ‎[12], but the same principle applies in the case when a CIF code point is required for an allocation on the same CC. 
	CIF codepoint
	CC Indication

	
	

	000
	Component Carrier B

	001
	Component Carrier C

	010
	Component Carrier D

	011
	Component Carrier E

	100
	-

	101
	-

	110
	-

	111
	-


Table 1: 5 carriers (A,B,C,D,E) configured for carrier aggregation (PDCCH on carrier A)
These un-used code points are utilized to indicate the PCFICH values on the cross‑scheduled CC so that,

· The PCFICH detection error on PDSCH CC comes without additional downlink overhead cost (e.g. compared to explicit DCI field)

· All CIF code points in the PDCCH DCI are used efficiently

Proposal 2: Un-used PDCCH DCI CIF code points are utilized to indicate the PCFICH values for cross carrier allocation
The definition of CIF code points depends on the number of code points available for indicating the PCFICH value.

For smaller Carrier Aggregation (CA) case:

In case a UE aggregates a small number of carriers (e.g. 2 or 3) or the number of carriers which can potentially be indicated from a given PDCCH is small, more CIF code points are available. Table 2 shows the CIF code point definition for indicating Carrier Indicator (CI) and PCFICH value on cross scheduled CCs for the case of aggregating 3 DL CCs.
	CIF codepoint
	CC Indication
	PCFICH value of the indicated CC

	
	
	

	000
	Component Carrier B
	1

	001
	Component Carrier C
	1

	010
	Component Carrier B
	2

	011
	Component Carrier C
	2

	100
	Component Carrier B
	3

	101
	Component Carrier C
	3

	110
	-
	-

	111
	-
	-


Table 2: 3 carriers (A,B,C) configured for carrier aggregation (PDCCH on carrier A)

As can be seen from Table 2, to indicate 3 PCFICH values {1, 2, 3}, 3 code points are reserved for each carrier indicator {B, C}.
Proposal 3: For aggregating a small number of carriers (e.g. up to 3) all 3 PCFICH values are indicated using CIF

For larger Carrier Aggregation (CA) case:

In case a UE aggregates a larger number of carriers (e.g. 4 or 5), more CIF code points are required for the CI. Hence, only few code points are available for the PCFICH indication. Table 3 below shows the CIF code point definition for indicating CI and PCFICH value for the 5 DL CC aggregation case
	CIF codepoint
	CC Indication
	PCFICH value of the indicated CC

	
	
	

	000
	Component Carrier B
	1

	001
	Component Carrier C
	1

	010
	Component Carrier D
	1

	011
	Component Carrier E
	1

	100
	Component Carrier B
	2

	101
	Component Carrier C
	2

	110
	Component Carrier D
	2

	111
	Component Carrier E
	2


Table 3: 5 carriers (A,B,C,D,E) configured for carrier aggregation (PDCCH on carrier A)

Table 4 shows the CIF code point definition for indicating CI and PCFICH value for 4 DL CC aggregation case. In this case, 3 PCFICH values {1, 2, 3} are indicated for two carriers {B, C} and only 2 PCFICH values {1, 2} could be indicated for one carrier {D}.

	CIF codepoint
	CC Indication
	PCFICH value of the indicated CC

	
	
	

	000
	Component Carrier B
	1

	001
	Component Carrier C
	1

	010
	Component Carrier D
	1

	011
	Component Carrier B
	2

	100
	Component Carrier C
	2

	101
	Component Carrier D
	2

	110
	Component Carrier B
	3

	111
	Component Carrier C
	3


Table 4: 4 carriers (A,B,C,D) configured for carrier aggregation (PDCCH on carrier A)

As can be seen, the PCFICH is restricted to two values for all CCs e.g. to PCFICH values 1, 2 in Table 3or for some CCs e.g. for carrier D in Table 4. In such cases, it would be useful to configure selected PCFICH values based on different scenarios. In our view this is sufficient, since depending on the deployment scenario only selected PCFICH values make sense. For example:

· Smaller bandwidth CCs typically have larger PCFICH values {2,3,4} and larger bandwidth CCs typically have smaller PCFICH values {1,2,3}

· In heterogeneous network scenarios with CCs with different power settings and interference, the majority of PDCCHs is typically transmitted on the high power CCs. Hence, the control region size on lower power CCs is small since only limited PDCCH transmission is applied on these CCs. This results in smaller PCFICH values ,e.g. 1 or 2, on the lower power CCs.
· A PCFICH will not be transmitted on extension carrier (if specified), i.e. no extra CIF code points are required. I.e. only a single code point (w/o PCFICH indication) per extension carrier is required. This allows for more PFICH signaling flexibility for the remaining CCs.
Proposal 4: For aggregating a large number of carriers (e.g. more than 3) selected PCFICH values are signaled based on different scenarios

In order to support different scenarios, different mappings for the CIF code pints could be specified with selected combinations of PCFICH values. The mapping could be configured using a RRC message as shown in Table 5 below,

	 
	CIF codepoints

	 
	first PCFICH value
	second PCFICH value

	Mapping 1
	1
	2

	Mapping 2
	1
	3

	Mapping 3
	2
	3


Table 5: Different mapping tables with selected combinations of PCFICH values

Table 5 for example is applicable for larger bandwidth CC with 3 combinations of PCFICH values. 2 bits would be sufficient in RRC message to configure one of the possible 3 mappings. Since different UEs may have different number/bandwidth of component carrier aggregated, the definition of CIF code points could vary per UE. Therefore, using a dedicated RRC configuration seems most applicable to signal the mapping. Using such a dedicated RRC configuration is in good alignment with RAN2 CC activation procedure. 
4 Conclusions

In this contribution we discussed PCFICH on cross CC operation. Our proposals are as follows:
Proposal 1: Explicit PCFICH indication in the PDCCH DCI

Proposal 2: Un-used PDCCH DCI CIF code points are utilized to indicate the PCFICH values for cross carrier allocation

Proposal 3: For aggregating a small number of carriers (e.g. up to 3) all 3 PCFICH values are indicated using CIF

Proposal 4: For aggregating a large number of carriers (e.g. more than 3) selected PCFICH values are signaled based on different scenarios

Further we think different mappings of CIF code point could be specified with selected combinations of PCFICH values. In our view, a dedicated RRC configuration seems most applicable to signal the mapping.  
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