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1 Introduction
In RAN1#60, the linkage between PDSCH/PUSCH and PDCCH was discussed with the following conclusions:
· Linkage between PDSCH/PUSCH and PDCCH 

· Further discussion required on whether at least the following is supported:

· A UE only monitors PDCCH on one DL CC for each PDSCH/PUSCH CC 

· For any DL carrier with CIF where the UE monitors PDCCH, PDCCH on the DL carrier shall be able to schedule PDSCH at least on the same carrier and/or PUSCH on a linked UL carrier

· Further discussion required until RAN1#60bis on whether this can be extended to support modified Option 1 from R1-101661.

· Include in email discussion whether or not Option 2 is excluded. 

· Consider:

· benefits/costs of extending option 1 – primarily scheduling flexibility / blocking versus complexity

· scenarios applicable for schemes beyond option 1.
In this contribution, we discuss the three options of linkage between PDSCH/PUSCH and PDCCH that are under consideration. Furthermore, we also present our views on the issue of RRC (re)configuration of CIF raised in [5]
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[6] and discuss its relationship with the linkage issue.
2 Linkage between PDSCH/PUSCH and PDCCH
Currently, Option 1, modified Option 1 and Option 2 [2] are being discussed as possible solutions for linkage between PDSCH/PUSCH and PDCCH. The definitions of the different options as stated in [2] can be found in Appendix. 
The linkage issue can also be discussed from the viewpoint of search space sharing among carriers [3]. With Option 1, the UE-specific search space for the DL/UL grants of multiple carriers is confined within a selected carrier. With Option 2, the UE-specific search spaces for the DL/UL grants of multiple carriers can be shared among the carriers, with some restrictions imposed to keep the number of blind decodes manageable. Modified Option 1 is a special case of Option 2, where the UE-specific search spaces for the DL/UL grants of any two carriers can only be shared between the carriers if the DCI formats monitored by the UE for each carrier have the same size. The ambiguity of which carrier the detected PDCCH belongs to is resolved by the CIF. 
The aspects to be considered when evaluating the different options are eNB scheduling flexibility for PDCCH (which is related to PDCCH blocking probability), the number of PDCCH blind decodes required to be performed by the UE, the system complexity and its value to the deployment scenarios of interest. 
As mentioned in [4], Option 1 is needed at least to support a heterogeneous network with two carriers where one carrier’s control region is unreliable. With only one search space serving two carriers, the PDCCH blocking probability may increase. Further study is required on whether the search space should be extended. If this is deemed necessary, the total number of blind decodes should still be kept the same as the case without search space extension.
Proposal 1: Confirm that Option 1 is at least supported. FFS if PDCCH blocking probability is a concern.
In our understanding, Option 2 can provide improved scheduling flexibility and similar PDCCH blocking probability as in Rel-8, but in return may result in excessive PDCCH blind decodes. While it is possible to impose rules to limit the number of blind decodes to manageable level and indeed Modified Option 1 is one example, it is unclear how this can be achieved with other methods without increasing the complexity of the system. Hence, we recommend focusing on evaluating whether extension to Modified Option 1 is beneficial. If PDCCH blocking probability is proved to be a concern, a more complicated design under Option 2 can be considered.
Proposal 2:  Focus on evaluating whether extension to Modified Option 1 is beneficial. Consider Option 2 only if PDCCH blocking probability is proved to be a concern.

From the network point of view, Modified Option 1 can be useful for improving scheduling flexibility, especially if the search space design of Rel-8 is maintained in Rel-10. Moreover, the total number of blind decodes can be kept the same as that without cross-carrier scheduling or as that with Option 1. PDCCH false positive does not seem to be an issue as well. This can be seen from the worst case where N=5 DL carriers can be linked via CIF with one DL/UL carrier. In this case, the false positive for the carrier is PFP x 2-CIF_bits x N = 0.625 P, where PFP is the false positive for a Rel-8 carrier. Here we assume the CIF acts as additional virtual CRC bits; as a result, the PDCCH false positive is actually better.
However, the benefit of Modified Option 1 depends on how often and under what condition the DCI formats monitored for different carriers have the same size. With the current definition of Modified Option 1, search space sharing is allowed as long as the DCI format size (with CIF) is the same. This can occur for the following cases:

a) The bandwidth and the transmission mode for the carriers are the same. The search spaces of the carriers can be shared for all DCI formats monitored by the UE, hence maximum scheduling flexibility is possible.
b) The bandwidth is the same but the transmission mode is different. The search spaces can be shared for 
i. DCI format 0/1A 
ii. DCI formats 1B and 1D (if transmission mode 5 and 6 are configured), and 
iii. DCI format 2A and 2B for 2 TX antennas (if transmission mode 3 and 8 are configured).

c) The bandwidth is different but the transmission mode may or may not be the same. Table 1 shows which DCI formats happen to have the same size in the case of 2 TX antennas. Tables of DCI format sizes with CIF for 2 TX antennas and 4 TX antennas can be found in the Appendix.
Table 1: DCI format with the same sizes for different carrier bandwidth combination for the case of 2 TX antennas
	 
	 
	Y

	
	
	1.4MHz
	3MHz
	5MHz
	10MHz
	15MHz
	20MHz

	X
	1.4MHz
	
	X: {1B,1D}, {2}
Y: {0/1A}, {2A, 2B}
	-
	X: {2}
Y: {1}
	-
	X: {2A, 2B}
Y: {0/1A}

	
	3MHz
	 
	
	X: {1,1B,1D}
Y: {0/1A}
	X: {2A, 2B}
Y: {1}
	-
	-

	
	5MHz
	 
	 
	
	X: {1B,1D}
Y: {0/1A}
	X: {1}
Y: {0/1A}
	X: {2}
Y: {1}

	
	10MHz
	 
	 
	 
	
	-
	X: {1B, 1D}
Y: {0/1A)

	
	15MHz
	 
	 
	 
	 
	
	X: {1B, 1D}
Y: {1B, 1D}

	
	20MHz
	 
	 
	 
	 
	 
	



* Note: X: {a1},{b1}; Y:{a2},{b2} means a1 for X bw = a2 for Y bw; b1 for X bw = b2 for Y bw.
Case (a) can be useful especially for intra band carrier aggregation with the total aggregated bandwidth of 20MHz. In addition, it has been proposed in [9] that for a Rel-10 UE capable of only aggregating up to 20MHz, the UE capability in terms of blind decoding should be the same as a Rel-8 UE. If such a UE class exists in Rel-10, it is also reasonable to assume the UE can only be configured one transmission mode at a time. Therefore, the transmission mode has to be the same for all carriers. 
Case (b) can be a common scenario and the benefit of Modified Option 1 can be fully utilized mainly for DCI format 0/1A. One the other hand, DCI format 0/1A has a relatively small size. Furthermore, they have the largest search space per carrier since they can also be assigned in the common search space. Therefore, the benefit of Modified Option 1 is may not be so important for DCI format 0/1A. In addition, we find that the issue is also related to the issue of RRC configuration of CIF [5]
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[6] as will be discussed later.
For Case (c), there are only limited number of DCI formats with the same size, the benefit of Modified Option 1 is quite limited.
Observation: While Modified Option 1 can improve scheduling flexibility of the network, the use cases for Modified Option 1 also appear quite limited.
3 RRC configuration of CIF
In [5]
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[6], the issues of RRC configuration of CIF were discussed. An important issue raised is the misalignment of eNB’s and UE’s assumption about the inclusion of CIF in DCI formats during the RRC (re)configuration of the CIF presence. In particular, during the RRC (re)configuration of the CIF presence, there will be a time period where the eNB does not know whether the UE is monitoring DCI formats assuming the CIF is included or not. The UE needs to monitor the DCI formats during the uncertainty period at least for an UL grant for transmitting RRCConnectionReconfigurationComplete message or for any DL assignment in case RRC connection reconfiguration message is retransmitted due to error events. The problem of uncertain DCI format size exists for all DCI formats in UE-search space following the agreement that CIF always exists for DCI formats in UE-specific search space if configured.

Several solutions were presented in [5]
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[6], including:

1. Sending DCI formats with and without CIF simultaneously

2. Use of DCI formats in common search space only

3. No CIF for all DCI formats addressing own DL carrier or the linked UL carrier.

4. Use of RACH procedure for sending RRCConnectionReconfigurationComplete message to provide the exact timing RRC reconfiguration has occurred at UE 
5. Keep at least one CC unchanged during RRC reconfiguration for carrier aggregation
6. Keep at least one CC to be free of cross-carrier scheduling
Detailed discussions of the pros and the cons of some or all of the solutions can be found in [5]
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[6]. In our view, solution #3 is the most attractive solution in terms of simplicity and ensuring minimal system performance impact. Hence, our preference is solution #3. 
However, with solution #3, the benefit of Modified Option 1 as discussed in the previous section is diminished significantly. For example, in case (a) mentioned in the previous section, for a two-carrier system with the same bandwidth and with the same transmission mode configured for each carrier, Modified Option 1 is no longer possible. Clearly, the benefit of Modified Option 1 for DCI format 0/1A in case (b) is also diminished significantly. 
In our view, Modified Option 1 is mainly beneficial for DCI formats with relatively large sizes. In order to retain the major benefit of Modified Option 1 and resolve the RRC configuration issue, we propose that solution #3 is modified as follows: There is no CIF for DCI format 0/1A in UE-specific search space of a DL carrier that schedules on the same DL carrier or the linked UL carrier. This way, the benefit of Modified Option 1 is at least retained for all DCI formats in UE-specific search space other than DCI format 0/1A.
Proposal 3: The issue of linkage between PDSCH/PUSCH and PDCCH should be discussed considering also the issue of RRC configuration of CIF and its solution. 
Proposal 4: If Modified Option 1 is agreed, no CIF for DCI format 0/1A in UE-specific search space of a DL carrier that schedules on the same DL carrier or the linked UL carrier, else no CIF for all DCI formats in UE-specific search space of a DL carrier that schedules on the same DL carrier or the linked UL carrier.
4 Conclusions
Our views on the issue of linkage between PDSCH/PUSCH and PDCCH and the issue of RRC (re)configuration of CIF can be summarised as follows:
Proposal 1: Confirm that Option 1 is at least supported. FFS if PDCCH blocking probability is a concern.

Proposal 2:  Focus on evaluating whether extension to Modified Option 1 is beneficial. Consider Option 2 only if PDCCH blocking probability is proved to be a concern. We observe that while Modified Option 1 can improve scheduling flexibility for the network, the use cases for Modified Option 1 also appear limited.
Proposal 3: The issue of linkage between PDSCH/PUSCH and PDCCH should be discussed considering also the issue of RRC configuration of CIF and its solution. 

Proposal 4: If Modified Option 1 is agreed, no CIF for DCI format 0/1A in UE-specific search space of a DL carrier that schedules on the same DL carrier or the linked UL carrier, else no CIF for all DCI formats in UE-specific search space of a DL carrier that schedules on the same DL carrier or the linked UL carrier.
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Appendix
Definition of options for linkage between PDSCH/PUSCH and PDCCH from [2]
Option 1: 

· Each PDSCH/PUSCH CC can be scheduled only from a single DL CC, i.e. the UE only monitors PDCCH on one DL CC for each PDSCH/PUSCH CC 

· For any DL carrier with CIF where the UE monitors PDCCH, PDCCH on the DL carrier shall be able to schedule PDSCH at least on the same carrier and/or PUSCH on a linked UL carrier 

Option 2: 

· Support scheduling a PDSCH/PUSCH CC from more than one DL CC 

· For a given UE, each PDSCH/PUSCH CC can be scheduled only from a single DL CC in a given subframe in carrier aggregation scenario 

· For any DL carrier with CIF where the UE monitors PDCCH, PDCCH on the DL carrier shall be able to schedule PDSCH at least on the same carrier and/or PUSCH on a linked UL carrier 

· This shall not increase the number of PDCCH blind decodes and or the PDCCH CRC false detection rate compared to a system not having CIF
Modified Option 1: 

· For each PDSCH/PUSCH CC, eNB configures a single CC to primarily carry the corresponding PDCCH.

· For any DL carrier with CIF where the UE monitors PDCCH, PDCCH on the DL carrier shall be able to schedule PDSCH at least on the same carrier and/or PUSCH on a linked UL carrier. 
· For each PDSCH/PUSCH CC, PDCCH on the DL carrier with CIF where the UE monitors PDCCH (other than the configured single CC) shall be able to schedule the PDSCH/PUSCH only if the same DCI payload size is applied.

DCI format sizes

Table 2: DCI format sizes for 2 TX antennas

	 
	1.4MHz
	3MHz
	5MHz
	10MHz
	15MHz
	20MHz

	Format 0/1A
	23
	25
	27
	29
	30
	31

	Format 1
	22
	27
	30
	34
	36
	42

	Format 1B
	25
	27
	29
	31
	33
	33

	Format 1D
	25
	27
	29
	31
	33
	33

	Format 2
	34
	37
	42
	46
	48
	54

	Format 2A
	31
	34
	39
	43
	45
	51

	Format 2B
	31
	34
	39
	43
	45
	51


Table 3: DCI format sizes for 4 TX antennas

	 
	1.4MHz
	3MHz
	5MHz
	10MHz
	15MHz
	20MHz

	Format 0/1A
	23
	25
	27
	29
	30
	31

	Format 1
	22
	27
	30
	34
	36
	42

	Format 1B
	27
	29
	31
	33
	34
	35

	Format 1D
	27
	29
	31
	33
	34
	35

	Format 2
	37
	41
	45
	49
	51
	57

	Format 2A
	33
	36
	41
	45
	47
	53

	Format 2B
	31
	34
	39
	43
	45
	51


