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1 Introduction
In this contribution, some remaining issues on PDCCH contents, formats and related blind decoding issues are discussed. 

2 PDCCH formats
DCI Format 1B

In order to efficiently support beamforming for cell edge UEs based on rank 1 precoding with a reasonable signaling overhead, instead of using DCI format 2 the use of a small PDCCH format including precoding information is beneficial. Therefore, we propose to define a DCI format 1B based on format 1A with additionally containing precoding information (4 bit) and a codeword indicator (1 bit) according to Table 1.
In addition to cell-edge beamforming, we identify that this format is also useful for the following purposes:

· Rank 1 (re)transmissions (single codeword) in case a UE is configured for spatial multiplexing. 

· MU-MIMO without interference vector indication. 

Table 1. Content of DCI format 1B

	Field
	Number of Bits
	Comment

	RB assignment
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	Bandwidth dependent

	Localized / distributed
	1
	Mode indicator for RB assignment

	RNTI / CRC
	16
	

	MCS
	5
	

	Redundancy Version
	2
	

	New data indicator
	1
	

	HARQ process number
	3
	

	PUCCH TPC
	2
	

	Precoding information
	4
	

	Codeword indicator
	1
	

	Total
	35 + 
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DCI Format for open loop spatial multiplexing

We assume that the main use case of spatial multiplexing is closed loop operation. Therefore, we do not see the need for a DCI format optimized for open loop operation. Hence, in our view DCI format 2 is sufficient for this purpose. 

Because the PMI information is included in DCI format 2, a straightforward and simple behavior of open‑loop spatial multiplexing would be that the UE just follows the PMI signaled on the PDCCH. However, since it has been decided earlier by RAN1 that predefined PMIs are used for open loop spatial multiplexing, the behavior would be that the eNB always indicates a predefined PMI entry, e.g. PMI confirmation, in case of open loop spatial multiplexing and the UE ignores PMI field. 
Format for MU-MIMO

Although MU-MIMO with interference vector indication would improve the system performance, defining such a DCI format including the interference vector at this stage could delay the standardization of release 8. Therefore, we prefer not to explicitly define a DCI format for MU-MIMO, i.e. MU-MIMO operation is transparent to the UE in release 8. A DCI format for later releases is discussed in [1]  

3 PDCCH monitoring sets  

With a new DCI format 1B a reconsideration of the PDCCH monitoring sets is necessary. In the current agreement[2], two semi-statically configured monitoring sets of DCI formats, {0/1A, 1} and {0/1A, 2} are defined. 

With including DCI format 1B, we identify the following alternatives for defining the PDCCH monitoring sets: 
Alt 1: {0/1A, 1}, {0/1B
, 2} with additional 5bits padding in format 0 

Alt 2: {0/1A, 1}, {0/1A, 1B}, {0/1A, 2}  
Alt 3: {0/1A, 1}, {0/1A, 1B, 2} 
Assuming that the main use case of DCI format 1B is precoding based beamforming of cell edge UEs, padding for DCI format 0 in Alt 1 seems undesirable, since this causes additional control overhead for UL allocations, which is especially undesirable for cell edge UEs. Alt 2 has the drawback, that DCI format 1B cannot be used for rank 1 (re)transmissions for UEs configured for spatial multiplexing. Therefore, we prefer defining the monitoring sets according to Alt 3. As a consequence the number of DCI formats to be monitored in the 2nd set is increased to three. This impacts the distribution of blind decodings, which is discussed below. 

The code rates for DCI format 1B and DCI format 2 for 25, 50 and 100 RB system bandwidth are shown in Table 2 below. 

As mentioned earlier, the main use case of DCI format 1B is rank-1 precoding for beamforming to cell edge UEs. Therefore, spending only a small number of blind decodings for 1-CCE aggregation is not harmful. 

For DCI format 2, the resulting code rates for 1-CCE aggregation are larger than 3/4 and, therefore, blind decoding of single CCEs is not required [3]. In addition, aggregating 8-CCEs is not necessary since spatial multiplexing with rank >1 is only useful for UEs in good channel condition. 

Moreover, DCI format 1A is not likely to be used for the 2nd monitoring set, therefore, the blind decodings on DCI formats 0/1A can be reduced compared to the 1st monitoring set. 

Therefore, we propose the distribution of the number of blind decodings for the 2nd monitoring set defined according to Alt 3 as follows: 

· Format 0/1A: {4, 4, 2, 2} (for 1, 2, 4, 8-CCE aggregation) 

· Format 1B: {2, 6, 2, 2} (for 1, 2, 4, 8-CCE aggregation)

· Format 2: {0, 6, 2, 0} (for 1, 2, 4, 8-CCE aggregation)

This results in 32 blind decodings in total for the UE specific search space, which is inline with the current working assumption. 

Table 2 coding rate for format 1B and format 2 
	
	1-CCE aggregation
	2-CCE aggregation
	4-CCE aggregation
	8-CCE aggregation

	Format 1B
	0.63 (25RB)

0.65 (50RB)

0.68 (100RB)
	0.31 (25RB)

0.33 (50RB)

0.34 (100RB)
	0.16 (25RB)

0.16 (50RB)

0.17 (100RB)
	0.08 (25RB)

0.08 (50RB)

0.09 (100RB)

	Format 2
	0.82 (25RB)

0.88 (50RB)

0.99 (100RB)
	0.41 (25RB)

0.44 (50RB)

0.49 (100RB)
	0.20 (25RB)

0.22 (50RB)

0.25 (100RB)
	0.10 (25RB)

0.11 (50RB)

0.12 (100RB)


4 PDCCH contents

4.1 Codeword Indicator / swap bit in DCI Format 2

According to the current RAN1 agreement the DCI format 2 contains a codeword indicator / swap bit, which allows to swap the codeword to layer / soft buffer mapping. This bit can be used for the following purposes:

(1) Swapping of codeword to layer mapping during retransmissions

(2) In case of an un‑equal MIMO soft-buffer split, allowing for the possibility to allocate the larger codeword to the larger soft‑buffer.

In our view swapping of the codeword to layer mapping during retransmissions (1) is not needed. Moreover, in case of un‑equal MIMO soft-buffer split, the flexibility of choosing the codeword to soft- buffer allocation (2) exists only in case of two initial transmissions. In this case a simple rule assigning the larger codeword to the larger soft-buffer can be applied.

Based on the argumentation above, we propose to remove the codeword indicator / swap bit in DCI Format 2.

4.2 Remaining issues on MCS/TBS signaling

Most aspects of the MCS/TBS signaling have been agreed in the RAN1#52bis meeting [5]

 REF _Ref197225192 \r \h 
[6]. This section discusses some remaining issues.

4.2.1 Subframe Bundling

In [6], three alternatives for applying the TBS table in case of bundling are discussed. In our view, the simplest and most straightforward solution is to derive the TBS from the signaled MCS index and the number of RBs allocated in frequency domain (bundled RBs in time domain are ignored), which is identical to alternative (a) in [6]. In our view this provides a sufficiently large range and a good granularity of TBSs.

4.2.2 Two-layer TBS mapping

In case of mapping a single a transport block onto two MIMO layers, in [5] it has been agreed, that for a given allocation size the TBS is roughly about two times the TBS defined for single‑layer TBS mapping.

In order to avoid an unnecessary increase of the TBS superset and to maximize the number of TBS occurrences in the TBS table, we prefer to reuse the existing TBS superset for selecting the TBS for two‑layer mapping as much as possible. Therefore, we propose the following:

· For a two-layer TBS mapping, the TBS is derived form the signaled MCS index and two times the signaled RB allocation size.

· In order to capture the case of RB allocations larger than 55 RBs, to append the agreed TBS table of 110 columns reflecting 1 to 110 RB allocations with additional 55 columns reflecting “virtual” (even) RB allocations of 112, 114, …, 220 RBs

· Increasing the TBS superset size from 184 to 204 in order to capture the range of the required TBSs up to 2 times the current maximum TBS for single‑layer TBS mapping.

The proposed appended TBS table satisfying the agreed design criteria defined in [5] is attached as a text file. 

4.2.3 Signaling of single codeword transmission with DCI format 2

As proposed in [7] a single codeword transmission with DCI format 2 should be indicated using a codepoint in the MCS field. In order to avoid wasting a MCS level for this purpose in all scheduling cases, we propose indicating a single codeword transmission by using a codepoint-combination of MCS_index = 0 in the 5-bit MCS field and RV = 1 in the 2-bit RV field for the second codeword. The main motivation for choosing this combination is that the combination of MCS_index = 0 (lowest MCS level) and RV1 is rarely used. It should be noted that this only prevents from using RV1 with the lowest MCS level initial transmissions. RV1 can still be used with the lowest MCS level in retransmissions by signaling the QPSK-reserved entry (MCS_index = 29).

In case the codeword indicator / swap bit is present in DCI format 2, the transmission of 1st or 2nd codeword can be indicated by the codeword indicator / swap bit and, therefore, the codepoint-combination is only required for the respective fields addressing the 2nd codeword.

In case the codeword indicator / swap bit is not present in DCI format 2, the codepoint-combination should be reserved for both, the 1st and 2nd codeword associated fields. This allows for indicating which of the two codeblocks is transmitted.

4.2.4 Signaling of PUSCH CQI only transmission on DCI format 0

In order to indicate a CQI only transmission on PUSCH in DCI format 0, we propose to use the RV1 entry (MCS_index = 29) in the MCS field combined with a set aperiodic CQI trigger. The motivation is that RV1 is used least frequently for retransmissions. The consequence is that RV1 cannot be used when multiplexing CQI/PMI with data, which is in our opinion a negligible loss.

5 Conclusion

In this contribution several remaining issues on PDCCH contents, formats and related blind decoding issues are discussed. Based on the discussion we propose the following:

· PDCCH formats

· Definition of a new DCI format 1B

· Use of DCI format 2 for open loop spatial multiplexing

· No additional MU-MIMO format to be specified for Release 8

· PDCCH monitoring sets and related blind decoding

· Definition of the following two monitoring sets:  {0/1A, 1}, {0/1A, 1B, 2}

· PDCCH contents (MCS/TBS signaling)

· Subframe bundling: The TBS is defined based on the RB allocation size within a single subframe, i.e. the TBS definition is independent of the bundling size.

· Two-layer MIMO TBS mapping: The TBS is derived form the signaled MCS index and 2 times the signaled RB allocation size.

· DCI format 2: Removal of codeword indicator / swap bit and indication of single codeword transmission by reserving a codepoint-combination of MCS_index = 0 in the 5-bit MCS field and RV = 1 in the 2-bit RV field

· PUSCH CQI-only transmission: Signaling MCS_index = 29 in conjunction with a set aperiodic CQI trigger is used to signal CQI-only transmission.
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� Use of padding in DCI format 0 to achieve the same size as DCI format 1B in order to utilize the same blind decodings
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