Page 1

3GPP TSG RAN WG1 #91
R1-1720394
Nov. 27th- Dec 1st, 2017
Reno, Nevada, U.S.A.
Agenda item:
6.2.1.2.2
Source: 
Qualcomm Incorporated
Title: 
Remaining details on DL control channel design
Document for:
Discussion and Decision
1
Introduction
In this contribution paper, we discuss some of the remaining issues related to the design of sPDCCH as follows:
1. Granularity of RB allocation for sPDCCH RB set

2. Mapping symbols to sREGs for localized CRS-based sPDCCH

3. SFBC for sPDCCH

4. Interference diversity for sPDCCH

5. UE’s search space size

6. L1-signaling for fast sTTI activation and de-activation.

2
Granularity of RB Allocation for sPDCCH RB Set
The number of sREGs per sCCE is decided to be 4 for the DMRS-based sPDCCH in a 2-symbol sTTI, and 6 for the DMRS-based sPDCCH in a 3-symbol sTTI. For DMRS-based sPDCCH, therefore, each sCCE completely occupies 2 RBs. In addition, it is agreed that the RB bundling is mandatory for the DMRS-based sPDCCH, and the sPRG size is 2 RBs. Hence, it is reasonable to define the units of allocation of an RB set in terms of the sPRGs.
Proposal 1: The UE is not expected to be configured with a DMRS-based RB set for which the allocated RBs partially cover sPRGs.
The number of sREGs per sCCE is decided to be 4 for the CRS-based sPDCCH. For the localized mapping, these sREGs should occupy 4 physically consecutive RBs in the frequency domain. Further, for a CRS-based sPDCCH with distributed mapping, the sREG-to-sCCE mapping interleaver is designed such that the sREGs of two different sCCEs forming a candidate of AL>1 occupy one sPRG. This is because the sPDSCH will not be mapped to an sPRG with a single available RB. Hence, in both cases, in order to not waste any resources, it is desirable to define the RB set resource allocation granularity in units of 2 RBs.

Proposal 2: The UE is not expected to be configured with a CRS-based RB set for which the allocated RBs partially cover sPRGs.

3
Mapping Symbols to sREGs for Localized CRS-Based sPDCCH 
So far, for DMRS-based sPDCCH and CRS-based sPDCCH with distributed mapping, it is agreed that the modulated symbols are mapped to the resource elements 
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 on a given antenna port in increasing order of first the index 
[image: image2.wmf]k

and then the index
[image: image3.wmf]l

. Such a mapping scheme guarantees that the AL ambiguity issue is avoided. For CRS-based sPDCCH with localized mapping, the AL ambiguity issue can be resolved by mapping the modulated symbols to the interleaved set of sREGs. In particular, except for AL = 1, for the mapping of the modulated symbols to the candidates of AL>1, sREG index interleaving can be employed as follows:

The indices of the sREGs corresponding to a candidate of AL = L are written in a block interleaver matrix with 2 columns row-by-row, and read column by column. The modulated symbols are mapped to the sREGs in order as specified by the output of the interleaver. One example is shown in the table below for AL = 1, 2, and 8. The numbers below each AL value represents the order of the mapping to the corresponding sREG.

Table 1: The order of the symbol-to-sREG mapping for a candidate of AL = 1, 2, and 4. For candidates of AL>1, the mapping order is obtained from the output of a 2-column block interleaving matrix.
	sREG index
	AL = 1
	AL = 2
	AL = 4

	0
	0
	0
	0

	1
	1
	4
	8

	2
	2
	1
	1

	3
	3
	5
	9

	4
	
	2
	2

	5
	
	6
	10

	6
	
	3
	3

	7
	
	7
	11

	8
	
	
	4

	9
	
	
	12

	10
	
	
	5

	11
	
	
	13

	12
	
	
	6

	13
	
	
	14

	14
	
	
	7

	15
	
	
	15


As shown above, for candidates of AL = 1, sREG interleaving is not needed. The 2-column interleaver works fine for all the candidates of AL > 1.
Proposal 3: For a candidate of AL = 1, the modulated symbols are mapped to the available sREGs on a given antenna port in an increasing order of RE indices. 
Proposal 4: For a candidate of AL>1, the indices of the sREGs corresponding to the candidate are written in a 2-column block interleaver matrix row-by-row, and read column by column. The modulated symbols are mapped to the sREGs on a given antenna port in the order as specified by the output of the interleaver. For each sREG, the modulated symbols are mapped to the available REs in an increasing order of RE indices. 
4
SFBC for sPDCCH  

In legacy LTE, the set of resource elements in an REG depends on the number of configured cell-specific reference signals. As an example, in the first OFDM symbol of the first slot of a subframe, the two REGs in one RB consist of resource elements 0,1,…,5 and 6,7,…,11. In each group, two REs are allocated to CRS. Hence, each group has 4 REs. In the 2nd OFDM symbol of the 1st slot of a subframe, in case one or two CRS ports are configured, the three REGs in an RB consist of REs as 0,1,2,3 and 4,5,6,7, and 8,9,10,11. In essence, in the presence of CRS only, the number of tones per RB is always a multiple of 4, which facilitates the implementation of both 2-port as well as 4-port SBFC. 
However, in a low latency system, depending on the sTTI index, the number of useable tones per RB (equivalently sREG) may not be a multiple of 2. Hence, gaining from transmit diversity via adopting SFBC cannot be realized. For example, for sTTI#2 spanning over symbols 5 and 6 of a subframe, if a 2-port CSI-RS is configured, the total number of useable tones is 11. Hence, neither a 4-port SFBC nor a 2-port SFBC can be implemented efficiently. To handle this issue, one simple way is to not map the symbols on the isolated REs.
Proposal 5: The UE is not expected to receive any modulated symbol over the orphan RE in a CRS-based sREG.
5
Interference Diversity for sPDCCH

In legacy LTE, the scrambling sequence for PDCCH is initialized at the subframe boundary. However, using the same scrambling sequence generator for an sTTI operation is not desirable. This is because if the scrambling sequence is set at the subframe boundary, the same sequence will be used for multiple sPDCCHs. Hence, to gain from interference diversity, the scrambling sequence initialization should be dependent on the sTTI index. Further, the scrambling sequence can be dependent on whether the sPDCCH is for the initial transmission or retransmissions. Hence, we have that:

Proposal 6: The sPDCCH scrambling sequence can be initialized using the following equation:
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When the sDCI is sent in the PDCCH, the PDCCH scrambling sequence should be used.

6
UE’s Search Space Size

So far, it is agreed that:
Agreement:
The overall search space (over all ALs and RB sets) configured to a UE is limited up to 16 sCCEs for 2/3os.
· FFS for 7os sTTI.

The reason for limiting the UE’s search space is to ensure that the UE does not need to decode a large portion of the bandwidth in order to obtain its grant. Regardless of the sTTI length, this requirement should be satisfied. Now, as compared to the 2/3-symbol sTTI operation, the processing timeline of the 1-slot sTTI operation is relatively more relaxed. Hence, it is reasonable to allow for a larger search space to be configured.

Proposal 7: The overall search space (over all ALs and RB sets) configured to a UE is limited up to 32 sCCEs for 1-slot sTTI.
7
L1-Signalling for Fast sTTI Activation and De-Activation

It is agreed that the sTTI operation is configured per CC. To activate or de-activate the sTTI on a given CC, the benefits of relying on an L1 signaling is twofold: (1) improving the UE’s power consumption by fast sTTI de-activation, and (2) reducing the latency by enabling fast sTTI activation. The sTTI activation/deactivation signaling can be sent for each given CC if the CC is already activated, i.e., the UE monitors PDCCH on that CC.

The signaling can be enabled via a new DCI format with the same size as the DCI format 1A. Note that format 1A allows for initiating the random access procedure by PDCCH if CRC is scrambled by C-RNTI, and some fields are set in a specified manner. The same approach can be used for sTTI activation/de-activation. Instead of setting the “remaining bits in format 1A to 1” as needed for initializing the random access, they can all be set to 0. In addition to CRC, this approach can reduce the FAR during the pruning by distinguishing between the command for initializing the random access procedure and sTTI activation/de-activation. A 1-bit field can be used in this new DCI format to indicate sTTI activation or de-activation.
Proposal 8: The fast sTTI activation/de-activation via a new DCI format with the same size as the DCI format 1A is supported. A 1-bit field indicates whether the sTTI is activated or de-activated. 
8
Conclusions 
Proposal 1: The UE is not expected to be configured with a DMRS-based RB set for which the allocated RBs partially cover sPRGs.
Proposal 2: The UE is not expected to be configured with a CRS-based RB set for which the allocated RBs partially cover sPRGs.

Proposal 3: For a candidate of AL = 1, the modulated symbols are mapped to the available sREGs on a given antenna port in an increasing order of RE indices. 

Proposal 4: For a candidate of AL>1, the indices of the sREGs corresponding to the candidate are written in a 2-column block interleaver matrix row-by-row, and read column by column. The modulated symbols are mapped to the sREGs on a given antenna port in the order as specified by the output of the interleaver. For each sREG, the modulated symbols are mapped to the available REs in an increasing order of RE indices. 
Proposal 5: The UE is not expected to receive any modulated symbol over the orphan RE in a CRS-based sREG.
Proposal 6: The sPDCCH scrambling sequence can be initialized using the following equation:
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When the sDCI is sent in the PDCCH, the PDCCH scrambling sequence should be used.

Proposal 7: The overall search space (over all ALs and RB sets) configured to a UE is limited up to 32 sCCEs for 1-slot sTTI.
Proposal 8: The fast sTTI activation/de-activation via a new DCI format with the same size as the DCI format 1A is supported. A 1-bit field indicates whether the sTTI is activated or de-activated. 
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