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1 Introduction
In RAN1 72, it has been pointed out in [1] that the PDSCH rate matching in SPS subframes without DL grant may have ambiguity for implementation. In the PDSCH resource mapping process, it has been decided that PDSCH is not mapped to any physical resource-block pair(s) carrying an EPDCCH associated with the PDSCH [2]. To be specific, if the resource allocation signalling indicates that the PRBs carrying the EPDCCH are allocated for PDSCH transmission, UE should not include these PRBs in PDSCH de-mapping process. 

For SPS subframes when the SPS activation DCI is sent, the above agreement on PDSCH rate matching is naturally applicable. However, for SPS subframes when SPS activation DCI is not sent, UE may have ambiguity on which PRBs the PDSCH is mapped. This contribution clarifies UE’s assumption in the above scenario to resolve ambiguity in SPS implementation.
2 Discussions
An example of SPS scheduling using EPDCCH is shown in Fig.1. In subframe 0, UE detects the SPS activation DCI carried by EPDCCH in PRB m. Meanwhile, the RA (resource allocation) signaling indicates that the SPS-PDSCH is allocated into PRB m, m+1, m+2. From the decision in Rel.11, UE should detect PDSCH only in PRB m+1 and m+2. Assuming the activated SPS periodicity is n subframes, in subframe n UE receives SPS-PDSCH without DL grant. In this case, UE would have two possible assumptions on PDSCH mapping:
A) Following the PDSCH resource allocation signaling in the SPS activation DCI, PDSCH is mapped to PRB m, m+1, m+2; 
B) Following the PDSCH rate matching as in the SPS activation subframe, PDSCH is mapped to PRB m+1, m+2. 
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Fig.1, Example of PDSCH RE Mapping in SPS Subframes
We feel both alternatives can give eNB and UE consistent interpretation on PDSCH RE mapping. The arguments for alternative B can be the following:
1) Following the example in Fig.1 and without loss of generality, when eNB decides to schedule the SPS-PDSCH in two PRBs and if the MCS is selected to match the UE reported CQI assuming two PRBs are used, it may result in excessive resource usage if more than two PRBs are allocated in successive SPS subframes since the MCS is fixed in all the SPS subframes. This issue becomes severer especially if EPDCCH is carried by multiple PRBs and those PRBs are allocated as PDSCH PRBs in the RA signaling, e.g. localized EPDCCH with high aggregation level or distributed EPDCCH; 
2) Keep the same control channel capacity in the SPS subframes without DL grant as in the SPS activation subframe. With alternative A, PRB m is always used to carry SPS-PDSCH in SPS subframes without DL grant. This may reduce the EPDCCH capacity in all the SPS-PDSCH subframes without DL grant. This may not be the intended behavior for the eNB.
However, there can be use cases for alternative A as well such as following:
1) Since UE can be configured with or without EPDCCH in each subframe individually, it’s possible that UE would receive SPS-PDSCH without DL grant in a subframe that is not configured to monitor EPDCCH. In this case alternative A becomes more natural since the number of REs available for two PRBs maybe reduced because of larger legacy control region.
2) The allocated SPS-PDSCH PRBs is a subset of all the PRBs carrying the SPS activation DCI as shown in Fig.2. If this case is not declared as one error case, eNB is intended to use the configured EPDCCH PRBs to send SPS-PDSCH in the SPS subframes without DL grant since the system is approaching the capacity limit. Thus alternative A is reasonable in this scenario.
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Fig.2. PDSCH RE Mapping in SPS Subframes if the allocated PDSCH PRB is a subset of the corresponding EPDCCH PRB.
Based on the above descriptions, different mapping schemes match different scenarios. Then we would like to propose below options to resolve the ambiguity between eNB and UE:

Option A (Static indication): In SPS-PDSCH subframes without DL grant, PDSCH is not mapped to PRBs carrying the SPS activation DCI except: 1) UE is not configured to monitor EPDCCH in the SPS-PDSCH subframe without DL grant; 2) all of the PDSCH PRBs indicated in the SPS activation DCI are subset of the PRBs carrying the SPS activation DCI.
Option B (Dynamic indication): If SPS activation DCI is carried by EPDCCH, eNB should indicate the PDSCH RE mapping scheme in the SPS activation DCI. The indication could be realized implicitly by using one virtual CRC pattern other than the virtual CRC pattern used by SPS activation and SPS release.
3 Conclusion
In this contribution we discussed the problem of SPS-PDSCH RE mapping without DL grant. eNB and UE may have ambiguous interpretation on PDSCH RE mapping in successive SPS subframes without DL grant if the SPS is activated by EPDCCH. Based on the analysis of the two alternatives, we have below proposals.
Option A (Static indication): In SPS-PDSCH subframes without DL grant, PDSCH is not mapped to PRBs carrying the SPS activation DCI except: 1) UE is not configured to monitor EPDCCH in the SPS-PDSCH subframe without DL grant; 2) all of the PDSCH PRBs indicated in the SPS activation DCI are subset of the PRBs carrying the SPS activation DCI.
Option B (Dynamic indication): If SPS activation DCI is carried by EPDCCH, eNB should indicate the PDSCH RE mapping scheme in the SPS activation DCI. The indication could be realized implicitly by using one virtual CRC pattern other than the virtual CRC pattern used by SPS activation and SPS release.
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