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1 Introduction
As listed in [1], the followings were agreed for RV, scrambling and frequency hopping:

RV and scrambling:
· In case of PUSCH transmission from LC UEs and UEs operating coverage enhancement

· The redundancy version (RV) is cycled every Z subframes

· For no or small repetitions, Z=1

· Otherwise, Z>1

· The scrambling sequences at least for PUSCH data are the same in the same Z subframes

· Z is not explicitly configured

· The RV cycling follows legacy RV cycling pattern i.e. RV {0,2,3,1}

· For PUSCH and PDCSH RV cycling, 
· Rel 13 UE in Mode A: Z=1 
· Rel 13 UE in Mode B:
· For FDD: Z=4
· For TDD PUSCH Z = 5, PDSCH Z= 10
· In Mode A and Mode B, PUSCH/PDSCH scrambling sequence is different in every Z subframes for the duration of repetitions 
· Note: the set of Z subframes correspond to all subframes in any frame, regardless of whether the subframes are valid or not for PUSCH/PDSCH transmission
Frequency hopping:
· When frequency hopping is enabled, frequency hopping occurs based on absolute SFN, subframe number and Ych
· Ych is configured per CE mode separately for DL and UL

· The number of bits for configuring Ych is 2, and the possible values are CE mode dependent
· Note: Ych is applicable to the case when hopping is enabled and the case when hopping is disabled
· The values of Ych:
· CE mode A:

· FDD: Ych = {1, 2, 4, 8}

· TDD: Ych = {1, 5, 10, 20}
· CE mode B: 

· FDD: Ych = {2, 4, 8, 16}

· TDD: Ych = {5, 10, 20, 40}

In this contribution, we discuss the specification of RV cycling in current 36.213 CR and further discuss the specification of RV cycling, scrambling, frequency hopping for TDD in both 36.213 CR and 36.211 CR, to support IQ combining among the continuous DL subframes in each TDD UL/DL configuration.
2 Discussion

In current 36.213 CR [2], RV cycling of PDSCH with periodicity of Z has not been specified yet. RV cycling of PUSCH with periodicity of Z has been specified as follows:

36.213 section 8.6.1
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 as the absolute subframe number of the first uplink subframe intended for a PUSCH transmission and the PUSCH transmission spans [image: image2.wmf]PUSCH
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 consecutive subframes including non-LC/CE subframes where the UE postpones the PUSCH transmission. For a LC/CE UE configure with CEModeA the redundancy version of the PUSCH cycles (rvidx) through (0, 2, 3, 1) every 
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 is determined according to the ‘Redundancy version’ field in DCI format 6-0A. For a LC/CE UE configured with CEModeB the redundancy version of the PUSCH cycles (rvidx) through (0, 2, 3, 1) every 
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The RV cycles from the first uplink subframe for PUSCH transmission every 
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 consecutive subframes. However, the scrambling and frequency hopping pattern are determined based on absolute SFN and subframe [3]. Consequently, for a LC/CE UE configured with CEModeB, depending on the starting subframe of PUSCH, the RV cycling may be not aligned with scrambling and frequency hopping pattern as shown in Figure 1. The misalignment will impact IQ combining which contradicts the intention to remain RV unchanged for Z subframes. 
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Figure 1: Misalignment of RV cycling and scrambling/frequency hopping
Thus, RV cycling of PDSCH shall be included in 36.213 and RV cycling of PUSCH shall be modified in 36.213 to align with scrambling and frequency hopping in 36.211.  One simple way is to specify the RV cycling of PDSCH and PUSCH in 36.213 similar as the scrambling sequence initialization in 36.211.
Proposal 1: RV cycling of PDSCH shall be added in 36.213.
Proposal 2: Align RV cycling of PDSCH/PUSCH in 36.213 with scrambling sequence initialization and frequency hopping in 36.211.

In current 36.211 CR [2], scrambling and frequency hopping of PDSCH/MPDCCH have been specified respectively as follows:

36.211 section 6.3.1
For LC/CE UEs, the same scrambling sequence is applied per subframe to PDSCH for a given block of 
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subframes, the scrambling sequence generator shall be initialised with
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and 
[image: image21.wmf]0

i

 is the absolute subframe number of the first downlink subframe intended for PDSCH. The PDSCH transmission spans 
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 consecutive subframes including invalid subframes where the PDSCH transmission is postponed. For a LC/CE UE configured in CEModeA, 
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. For a LC/CE UE configured with CEModeB, 
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36.211 section 6.4.1
For LC/CE UEs, if the PDSCH is not carrying SIB1bis the PRB resources within the narrowband 
[image: image26.wmf](

)

0

NB

i

n

 for PDSCH transmission in the first subframe is obtained from the DCI as described in clauses 5.3.3.1.11 and 5.3.3.1.13 in [4], or provided by higher layers. The PDSCH is transmitted with 
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 consecutive subframes, including invalid downlink subframes where the the PDSCH transmission is postponed.  

-
If frequency hopping is not enabled for PDSCH, the PDSCH repetitions are located at the same PRB resources in the same narrowband 
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if frequency hopping is enabled for PDSCH, the PDSCH shall be transmitted in subframe 
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 consecutive downlink subframes using the same PRB resources within each narrowband
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where 
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 is the absolute subframe number of the first downlink subframe intended for PDSCH and 
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 are a cell-specific higher-layer parameters. For PDSCH carrying SI other than SIB1bis, If interval-DlHoppingConfigCommonModeB is signalled in SIB1bis, then the frequency hopping granularity 
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 is set to interval-DlHoppingConfigCommonModeA signalled in SIB1bis.
36.211 section 6.8A.2
For LC/CE UEs, the same scrambling sequence is applied per subframe to EPDCCH for a given block of 
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subframes, the scrambling sequence generator shall be initialised with
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and 
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 is the absolute subframe number of the first downlink subframe intended for the EPDCCH. The EPDCCH transmission spans 
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 consecutive subframes, including invalid downlink subframes where the EPDCCH transmission is postponed.  For a LC/CE UE configured in CEModeA, 
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. For a LC/CE UE configured with CEModeB, 
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36.211 section 6.8A.5
For LC/CE UEs, the narrowband 
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 for EPDCCH transmission in the first subframe of EPDCCH monitoring instance is provided by higher layers. Starting subframe configuration of UE-specific search space where UE monitors an EPDCCH is also provided by higher layers. The EPDCCH is transmitted with 
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 consecutive subframes, including invalid downlink subframes where the the EPDCCH transmission is postponed. 

-
If frequency hopping is not enabled for EPDCCH, the repetitions of an EPDCCH candidate are located at the same PRB resources in the same narrowband 
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if frequency hopping is enabled for EPDCCH, an EPDCCH candidate shall be transmitted in subframe 
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where 
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 is the absolute subframe number of the first downlink subframe of EPDCCH monitoring instance, and 
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 are a cell-specific higher-layer parameters. The UE shall not expect EPDCCH transmission in subframe 
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 if it is not a valid downlink subframe.

The starting subframe of scrambling and frequency hopping pattern of PDSCH/MPDCCH is the absolute subframe#0 in radio frame #0. For TDD, the frequency hopping granularity Ych={1, 5, 10, 20, 40}. Consequently, UE may need to perform frequency retuning during consecutive DL subframes. An example is shown in Figure 2 assuming TDD UL-DL configuration 1 and Ych=5. 
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Figure 2: TDD frequency hopping pattern based on existing definition
It can be observed that cross-subframe channel estimation cannot be supported as there are no consecutive DL subframes in the same frequency location. 
Considering the limited number of consecutive DL subframes for TDD, it is important to support and improve cross-subframe channel estimation for TDD. Therefore, we propose to define subframe #2 to be the starting subframe at least for scrambling and frequency hopping for TDD PDSCH/MPDCCH transmission, so as to maintain the same transmission frequency location in continuous DL subframes. Similarly, the RV cycling of PDSCH in 36.213 shall be modified the same as the scrambling as well.
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Figure 3: Proposed TDD frequency hopping pattern/scrambling sequence initialization
For TDD PUSCH, the scrambling, frequency hopping and RV cycling can be either modified as the downlink transmission or keep the starting subframe of the absolute subframe#0 in current version.
Proposal 3: The scrambling and frequency hopping of TDD PDSCH/MPDCCH transmission shall be modified with a starting subframe of the absolute subframe#2 in 36.211.

Proposal 4: The RV cycling of TDD PDSCH/MPDCCH transmission shall be specified with a starting subframe of the absolute subframe#2 in 36.213.
3 Conclusions

Based on the above discussion, we have the following proposals:
Proposal 1: RV cycling of PDSCH shall be added in 36.213.
Proposal 2: Align RV cycling of PDSCH/PUSCH in 36.213 with scrambling sequence initialization and frequency hopping in 36.211.

Proposal 3: The scrambling and frequency hopping of TDD PDSCH/MPDCCH transmission shall be modified with a starting subframe of the absolute subframe#2 in 36.211.

Proposal 4: The RV cycling of TDD PDSCH/MPDCCH transmission shall be specified with a starting subframe of the absolute subframe#2 in 36.213.

The above proposals shall be further reflected in the next version of 36.211 and 36.213 CR. 
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