Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG RAN WG1 #58bis Meeting
R1- 093903
Miyazaki, Japan, October 12 – 16, 2009
Source: 
Nokia Siemens Networks, Nokia
Title:
Issues with Cross-Component Carrier Scheduling
Agenda item:
7.2.2.3
Document for: Discussion and decision
1. Introduction

In RAN1 #58, cross-Component Carrier scheduling with the use of a Carrier Indicator was agreed [1]. Also, in [1] it was mentioned that “solutions to PCFICH detection errors on the Component Carrier carrying PDSCH to be studied” The use of a Carrier Indicator is enabled semi-statically. When used, it is in the form of explicit bits in a DCI, being an index to a CC on which the DCI allocates PUSCH/PDSCH resources. In this contribution, we discuss some issues related to cross-CC scheduling and we provide some simulation results related to the above mentioned PCFICH issue.
2. Discussion
2.1. CI usage in case of different BWs of CCs
According to TS 36.212 [2], the size of a given control channel (downlink control information - DCI) is not always constant but depends on various factors like the BW of the cell and the number of TX antennas configured in the cell. Furthermore, in the RAN1 LTE TR [3], it is mentioned that “it will be possible to configure a UE to aggregate a different number of Component Carriers of possibly different bandwidths in the UL and the DL”. The RAN4 TR [4] includes some Study Item scenarios of Component Carrier aggregation with Component Carriers of non-equal BWs.

Based on the above observations, we note that the UL/DL assignments with a Carrier Indicator are based on a DCI of a single carrier while a DCI of one type for different Component Carriers might have different sizes due to e.g. different BWs of the addressed CCs. The following solutions to the problem can be envisioned:
1. Allow cross-Component Carrier scheduling (i.e. include a Carrier Indicator in the DCI format) only when the BWs of the aggregated carriers (and other parameters determining the size of a DCI format like the number of TX antennas) are the same. Otherwise, the cross Component Carrier scheduling is disabled.

2. Define the DCI format with a CC Indicator according to the worst case size of a single carrier DCI

3. Allow cross-CC scheduling between CCs of different BWs without changing the size of individual DCIs

Solution 1 would restrict the use of cross-Component Carrier scheduling to the case when the parameters of aggregated carriers are the same. However, we consider cross-CC scheduling as a viable method to mitigate the coverage limitations of control channels in low BWs. In this case the PDSCH of a carrier with a low BW can be scheduled from a CC with a wider BW and with a better control channel coverage. Furthermore, solutions developed in RAN1 should in general be agnostic to band configurations scenarios and cover the case of aggregation of CCs with different BWs.

Solution 2 seems not fully in-line with the conclusion in [5] “Separate coding of DL assignments and UL grants for each component carrier based on DCI format(s) for single carrier with an additional carrier indicator field of 0-3 bits”. Also, this solution would incur additional overhead and DCI coverage loss for CCs with lower relative BWs, as mentioned in [6], in order not to increase the number of blind decoding trials.
Solution 3 would be in-line with the principle of deriving the DCI based on the DCI sizes of individual CCs. In this case the use of cross-CC scheduling is not limited to CCs with the same parameters (like e.g. BW). For this solution, it should be further clarified if:
a. The CC Indicator can only consider/address the CCs whose DCI sizes are equal to or smaller than the corresponding DCI size of the carrier transmitting the DCI with the CC Indicator. This principle is illustrated in Figure 1. OR

b. The CC Indicator can consider/address any CC, in case a CC of a larger DCI size (e.g. higher BW CC) is indicated, the resource allocation has a reduced BW or coarser granularity. This principle is illustrated in Figure 2.
We have a slight preference towards solution 3b, in this case there would be no further limitation for the eNB regarding scenarios in which cross-CC scheduling can be used. Instead, it is fully up to the network vendor/operator to decide in which scenarios the Carrier Indicator is used and in principle any CC aggregation with any configuration of individual CCs can support cross-CC scheduling.
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Figure 1 CI can address only CCs with equal or smaller DCI size (in the example cross-CC scheduling is not possible from lower BW CC)
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Figure 2 CI can address any CC (in case CI assignees a CC with a larger DCI size RA has reduced BW/coarser granularity)
2.2. PCFICH error issue with cross-CC scheduling
In [7], the issue of PCFICH errors on the carrier transmitting cross-CC scheduled PDSCH was described and the need for further study of this problem and corresponding solutions was indicated. While [8], based on a theoretical analysis with the assumption of a PCFICH error rate of 1e-3, concluded the error case has negligible impact and that no special treatment is needed. Figure 3 shows the PCFICH error rates for 1.4 MHz, 3MHz and 5MHz.
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Figure 3 PCFICH performance
Based on the results it can be observed that the PCFICH error rate in low SNR cell-edge conditions can be as high as 4%. A PCFICH error in case of cross-CC scheduling will lead to a wrong UE assumption on the starting RE of the PDSCH and as a result this PDSCH reception will be erroneous. The soft buffer will be corrupted and a higher layer retransmission of this TB will be likely. In case of Rel-8 dynamic PDSCH scheduling, a similar error case can occur in case of a false positive PDCCH detection and in case of NACK-to-ACK misdetection at the eNB followed by a PDCCH decoding error followed by DTX-to-ACK misdetection at the eNB. Both of those Rel-8 error cases have a rather low probability compared to the possible PCFICH error rates. Furthermore, one of use cases for cross-CC scheduling, would be to avoid PDCCH transmissions on CCs with lower PDCCH coverage / harsher interference. In this use case, the potential benefit of transmitting the PDCCH from another CC can be hampered by still relying on the PCFICH from the CC with lower coverage or worse interference.
In the following, we outline two possible solutions to the above problem.

· Solution 1

Include the CFI of the cross scheduled CC into the DCI used to cross schedule the PDSCH.
This solution fully solves the PCFICH error issue but it requires additional overhead in the DCI on top of the additional CI bits.

· Solution 2

Assume that the CFI of the cross-scheduled CC is the same as the CFI of the CC transmitting the corresponding DCI. 

This solution fully solves the problem in case the CFI values on CCs participating in cross-CC scheduling are the same or when the PDCCH resources are coordinated/used jointly on the CCs (or when the cross-scheduled CC at least doesn’t uses a longer PDCCH duration compared to the CC with the corresponding DCI). In case of a CFI mismatch/uncoordinated usage of the PDCCH, there might be some unused or punctured PDSCH REs as illustrated in Figure 4

 REF _Ref242083266 \h 
.

No modifications to UE processing are incurred, while it could be noted that a smart UE in most of cases can detect the CFI mismatch (if any) and avoid self-interference.
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Figure 4 Solution 2 in case of uncoordinated CFIs
3. Conclusion
In this contribution, we discussed the open issues related to the Carrier Indicator and cross-CC scheduling. Based on the discussion in this paper, we propose:
· Cross-CC scheduling is designed so that it can be enabled in any BW/configuration of CCs,
· Solutions to the PCFICH errors are discussed further.
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