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1. Introduction
sTTI utilizes 2-port or 4-port transmit diversity for CRS-based SPDCCH depending on the number of CRS ports. Such transmit diversity scheme requires a pair of RE’s considered together. When CSI-RS is configured within the region of subslots #2, #4, #5, such a CSI-RS RE becomes unavailable for SPDCCH mapping. To prevent potential odd number of available RE’s in each SREG, the current 36.211 makes one additional RE unavailable as described below.
	6.8C.5	Mapping to resource elements
…
If  has been precoded according to clause 6.3.4.3 and if there is an uneven number of resource elements per PRB that fulfil all the above criteria,  is not mapped to the resource element of the PRB with largest k.


[bookmark: _GoBack]Although the above ensures the number of available RE’s is always an even number, it still creates a situation in which the number of available RE’s in each SREG is not a multiple of 4, e.g. 10 in this case. Such a behavior disrupts RE mapping and precoding for 4-port transmit diversity and causes considerable additional and unintended complexity on UE SPDCCH blind decoding. This contribution describes this issue in detail and also provides potential solution.
2. Issue description and related UE impacts


Table 1 describes precoding operation applied for 4-port transmit diversity. ,  corresponds to modulation symbols, and ,  corresponds to the output symbols of precoding operation. Note that pth row of Table 1 corresponds to the output symbol at port p.
Table 1: Precoding operation for transmit diversity for 4 antenna ports
	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



Fig. 1 describes a situation in which the number of RE’s in an SREG is 10 when CSI-RS collides with SPDCCH search space. 
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Fig. 1. An example of one SREG containing 10 available RE’s for SPDCCH mapping
Let’s consider now a situation described in Fig. 2 while each SREG in Fig.2 has 10 available RE’s as in Fig. 1. In this case, we consider two SPDCCH candidates with different AL (one with AL1 and the other with AL2). Due to REG interleaving applied per SPDCCH candidate, it can be seen that RE’s in SREG4 have different port mapping between the AL1 candidate and the AL2 candidate, e.g., ports 0 and 2 for the first 2 RE’s in the AL1 candidate and ports 1 and 3 in the AL2 candidate. It can also be seen that such flipping pattern of antenna ports also happens to SREG6.


Fig. 2. An example of the problematic phenomenon involving two SPDCCH candidates with different AL
The aforementioned phenomenon frequently happens when CSI-RS collides SPDCCH search space due to default SREG interleaving per SPDCCH candidate, and an impact to a UE is significant. Such an abnormal port flipping behavior for a given RE is clearly unexpected at a UE side, and this results in SPDCCH decoding failure if valid SPDCCH is transmitted on SREGs colliding with CSI-RS. Even if a UE is aware of this abnormal behavior, what is required to a UE essentially is to perform demapping/demodulation operations twice for many RE’s involved in the aforementioned port flipping using the different channel estimation results for ports 0/2 and ports 1/3, which doubles a UE’s processing burden. This also increases a burden for UE channel estimation since a UE normally needs to acquire channel estimates only for 2 out of 4 ports for SPDCCH RE’s. Even after a UE performs demapping/demodulation operation twice for these RE’s, a UE additionally needs to perform complicated LLR rearrangement for each SPDCCH candidate acknowledging correct SFBC ports at the time of decoding. The aforementioned additional complexity to a UE causes considerable complication for overall SPDCCH blind decoding operation in which timely processing is crucial to meet sTTI processing time requirement. Such complication was not explicitly considered when sTTI processing time is introduced during Rel-15.
Observation 1: CSI-RS collision on SPDCCH search space with 4 CRS ports incurs decoding failure at a UE and processing time violation due to unreasonable additional processing burden by creating a situation in which the number of available RE’s in each SREG not multiple of 4.
We think the aforementioned issue is significant and needs to be corrected to ensure proper functionality of SPDCCH with 4 CRS ports. In our view, maintaining the number of available RE’s as multiple of 4 is needed to correct this issue.
Proposal 1: Introduce one of the following in the spec. Suggested correction is provided in [1].
· For SPDCCH with 4 port CRS, if there is a number of RE’s in SREG’s which are not multiple of 4, SPDCCH is not mapped to the RE’s of the SREG corresponding to largest k’s to ensure that mapped RE’s are multiple of 4. 
3. Conclusion
In this contribution, we described an issue with SPDCCH mapping behavior when 4 CRS ports are used and when CSI-RS collides with the search space. For this issue, the following observation can be made.
Observation 1: CSI-RS collision on SPDCCH search space with 4 CRS ports incurs decoding failure at a UE and processing time violation due to unreasonable additional processing burden by creating a situation in which the number of available RE’s in each SREG not multiple of 4.
To resolve this issue, we propose the following.
Proposal 1: Introduce the following in the spec. Suggested correction is provided in [1].
· For SPDCCH with 4 port CRS, if there is a number of RE’s in SREG’s which are not multiple of 4, SPDCCH is not mapped to the RE’s of the SREG corresponding to largest k’s to ensure that mapped RE’s are multiple of 4. 
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