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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1#82bis [1], the use of redundancy version (RV) cycling is agreed as follows.
Agreement:
· 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
· FFS whether or not a TB can be mapped to X>1 subframes as a bundle
· Value of X FFS
· Otherwise, Z>1
· The scrambling sequences at least for PUSCH data are the same in the same Z subframes
· Z is not explicitly configured
· FFS the value of Z
· The RV cycling follows legacy RV cycling pattern i.e. RV {0, 2, 3, 1}
This contribution proposes to have multiple subframe code spreading on top of the repetition for PUSCH and RV cycling. This contribution also describes the system design of multiple subframe code spreading.
Multiple subframe code spreading
[bookmark: OLE_LINK258][bookmark: OLE_LINK259]Concept of multiple subframe codes spreading
In order to achieve 15 dB coverage enhancement, repetition over multiple subframes is one of necessary solutions. Repetition degrades significant spectral efficiency for both control and data channels since more physical resources are occupied. Techniques to mitigate the loss by repetition are necessary.
One method to mitigate repetition loss is multiple subframe code spreading on the top of the repetition. Fig. 1 illustrates signal structure of multiple subframe code spreading. Each subframe is repeated over multiple subframes and then, spread by one of orthogonal spreading sequences over multiple subframes. 
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Fig.1	Multiple subframe code spreading.

Multiple subframe code spreading on top of repetition can mitigate the spectral efficiency loss incurred by repetition. To apply multiple subframe code spreading especially to the uplink data and control channel (such as PUSCH and PUCCH) can provide more resources. Using NSF orthogonal spreading codes, up to NSF UEs/signals can be simultaneously transmitted within the same resource block over the repetition period. This can minimize the spectral efficiency degradation caused by repetition. A smaller granularity than 1 PRB transmission may have a similar effect on the spectral efficiency, but multiple subframe code spreading allows to keep the same PUSCH/PUCCH structure.
Observation 1: Multiple subframe code spreading on top of repetition can be utilized to mitigate the spectral efficiency loss incurred by repetition.

Design of multiple subframe codes spreading
In RAN1#80 [2], RAN1 has agreed that multiple repetition levels in time domain are supported for enhanced coverage transmission. In order to realize to multiplex UEs with multiple repetition levels by multiple subframe code spreading, to have a common spreading factor (as shown in Fig. 2) would be reasonable. For larger repetition, the same spreading code sequence could be repeatedly applied.

[image: ]
Fig.2	The use of common spreading factor.

In order to support cross-subframe channel estimation, frequency hopping of narrowband needs to be designed to switch the frequency location every YCH subframes, where YCH is equal to length of subframes used for cross-subframe channel estimation (i.e. YCH=X). YCH is configured per CE level according to the agreement. Larger number of X could face the issue on frequency error [2]. Then, relatively smaller number of X, such as X = 4 or 8 would be reasonable for large repetition case. In addition, the value of Z of RV cycling can also be Z=YCH=X to allow the symbol level combining during the period of cross-subframe channel estimation. Multiple subframe code spreading is suited to the cross-subframe channel estimation, frequency hopping, and RV cycling as the receiver operation is almost the same as symbol level combining with cross-subframe channel estimation. In addition, orthogonal property among different spreading codes can be kept within hopping interval and periodicity of RV cycling. Therefore, we propose to support multiple subframe code spreading with a common spreading factor Z=YCH=X = 4 or 8 as well as cross-subframe channel estimation with symbol level combining, frequency hopping, and RV cycling. 
Observation 2: Multiple subframe code spreading on top of repetition is suited to symbol level combining, frequency hopping, and RV cycling.
We had evaluated the link level performance of applying multiple subframe code spreading to PUSCH [3] and showed that multiple subframe code spreading can increase PUSCH capacity without negatively effecting coverage enhancement. Based on above discussion and our previous evaluation, we propose:
Proposal 1: Coverage enhancement for PUSCH supports multiple subframe code spreading using a common spreading factor Z=YCH=X = 4 or 8.

Indication of spreading code sequence
There are two options for the indication of spreading code sequence:
· Dynamic indication: Spreading code sequence is indication by DCI. Assuming common spreading factor is 4 or 8, 2 or 3 bits are needed in DCI. CS and OCC index for CE mode B is used.
· Semi-static indication: Spreading code sequence can also be indicated via higher layer signalling. When the spectral efficiency is not limiting factor, the network side may not implement the receiver corresponding to multiple subframe code spreading on top of repetition. Even such situation, to configure the spreading sequence like all +1 could receive UE’s transmission. No loss from DCI size overhead is incurred. Other option would be spreading sequence is indicated in an implicit manner such as linked to UE-ID (RNTI).
Proposal 2: Dynamic or semi-static spreading code indication should be specified for multiple subframe code spreading.
Conclusion
In this contribution, we discussed multiple subframe code spreading on top of the repetition and showed some simulation results when using repetition and multiple subframe code spreading on PUSCH. Based on the discussion presented, we summarize our views through the following observations and proposal:
Observation 1: Multiple subframe code spreading on top of repetition can be utilized to mitigate the spectral efficiency loss incurred by repetition.
Observation 2: Multiple subframe code spreading on top of repetition is suited to symbol level combining, frequency hopping, and RV cycling.

Proposal 1: Coverage enhancement for PUSCH supports multiple subframe code spreading using a common spreading factor Z=YCH=X = 4 or 8.
Proposal 2: Dynamic or semi-static spreading code indication should be specified for multiple subframe code spreading.
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