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1. Introduction

In RAN1#82b, potential assistance information for PDSCH MUST was discussed and the following agreement was captured in chairman note. 

Agreement: (Note that this information can be updated at the next meeting)

· The following should be considered as potential PDSCH assistance information for MUST Category 1, 2, and 3 UE. 

· For MUST Category 1, 2, and 3
· (R-)ML/SLIC (available receiver type for far UE or near UE)

· Existence/processing of MUST interference (per spatial layer if same beam restriction is applied)
· Modulation order of MUST paired UE 

· Transmission power allocation of its PDSCH and MUST paired UE’s PDSCH (per spatial layer if different power can be allocated to each spatial layer) 

· Resource allocation of MUST paired UE 

· PDSCH RE mapping information of MUST paired  UE (if it is different from its own PDSCH RE mapping information, e.g. PDSCH starting symbol or PDSCH RE mapping at DMRS RE) 

· DMRS information of MUST paired UE (if DMRS information is used to estimate effective channel of MUST paired UE or to derive power allocation of MUST paired UE)
· Transmission scheme of MUST paired  UE (if mixed transmission schemes, e.g. transmit diversity and closed-loop spatial multiplexing)
· Precoding vector(s) of MUST paired UE 
·  CWIC (available receiver type for near UE)

· The above potential assistance information for ML receiver
· TBS of MUST paired UE

· HARQ information of MUST  paired UE 

· LBRM (Limited Buffer Rate Matching) assumption of MUST  paired UE 

· Parameters for descrambling and CRC checking for the PDSCH of the MUST paired user

· MMSE-IRC (available receiver type for far UE)

· Transmission power allocation of its PDSCH and MUST paired UE’s PDSCH
· Additionally, the followings should be considered potential assistance information for Category 3.
· For MMSE IRC, SLIC, (R-)ML, and CWIC
· Modulation order of composite constellation
· Bit allocation information of composite constellation

In this contribution, firstly, we list up several consideration points on assistance information signalling design and discuss further details on extended DCI signalling. Also we discuss necessity of some assistance information.
2. Discussion
· Consideration points on designing DCI

If BD feasibility is not guaranteed for one or more assistance information, we should introduce dynamic signaling and there are several consideration points we should take into account when designing DCI as follows:
· DCI BD complexity
In case of legacy system, UE conducts blind detection for two DCI formats within the search space: one is DCI 1A and the other is TM specific. In order to avoid increasing MUST UE complexity, it is desirable to keep the same number of DCI BD trials as legacy. Therefore, unless payload size of assistance information is large such as tens of bits, separating DCI for scheduling information of desired data and DCI for assistance information, corresponding Option 3 and 4 in Appendix, is not preferable. 
· Resource granularity of assistance information

Resource granularity of assistance information determines the potential payload size of DCI. For example, ideally, eNB can schedule different MUST UE pairs per PRB so that assistance information can change per PRB. However, in this case, DCI size increases significantly.  Therefore, practically, we need consider some MUST scheduling restriction so that assistance information may change per group of PRBs or scheduled UE’s bandwidth. Resource granularity of assistance information should be determined by taking into account tradeoff between signaling overhead and scheduling flexibility.

· PDCCH coverage

In the last meeting, it has been agreed to introduce RRC signaling for MUST Mode On/Off. If extended DCI corresponding to Option 1 in Appendix is used, UE in MUST mode tries BD for the extended DCI. Therefore, the payload size of extended DCI has an impact on the coverage of UEs in MUST mode. In other words, if the payload size of extended DCI is small, even cell edge UE can be in MUST mode. Otherwise, MUST mode can be enabled only for UE in high/medium geometry. Since cell edge UE is not served as near UE in most case, the payload size of extended DCI is not necessary to be small.
· Scheduling restriction of desired data
In case of overriding DCI corresponding to Option 2 in Appendix, some of legacy DCI fields are overridden to signal assistance information. Some reserved states in some legacy DCI field can be used but they are not enough even if assistance information is 1 bit. As a result, it is inevitable to restrict scheduling of desired data, e.g., available DMRS ports, maximum rank and so on. Also, the payload size of assistance information should be small enough to minimize the scheduling restriction of desired data. 
Proposal 1: The following consideration points should be taken into account when designing DCI signalling for assistance information: DCI BD complexity, Resource granularity of assistance information, PDCCH coverage and Scheduling restriction of desired data

· Details on extended DCI (Option 1)
Taking into account the above consideration points on designing DCI, we see that extended DCI corresponding to Option 1 in Appendix is worth to consider with priority. Figure 1 shows an example of extended DCI. Near and Far UE is assumed to be configured with MUST mode by RRC signaling
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Figure 1. An example of extended DCI signaling when payload size of assistance information.
In Figure 1, eNB transmits extended DCI to near UE and Far UE. eNB indicates presence of MUST interference to near UE and also signal remaining assistance information if needed. On the other hand, eNB indicates to far UE that there is no MUST interference and sending dummy bits in the new DCI fields for assistance information. Note that it is up to UE implementation whether far UE cancels near UE interference without any assistance information from eNB. Both near and far UE try BD for two DCI formats, i.e., DCI 1A and extended DCI so that DCI BD complexity is the same as legacy. In addition, to save 1 bit existence signaling, we can consider using two CRC masking sequence; one is UEID and the other is virtual UEID, signaled from eNB. UE is able to know the existence based on CRC masking sequence in this case.
Proposal 2: Taking into account the above consideration points on designing DCI, we see that extended DCI is worth to consider with priority.
Regarding another alternative, i.e., Option 3, several new DCIs are proposed in [4] and [5]. In [4], it was proposed to introduce a new DCI containing only assistance information. However, we expect assistance information accounts for only several bits and, as a results, it causes the waste of DCI payload filled with lots of zero padding. Another approach in [5] seems to address this problem. However, it is effective only when there are many MUST paired UEs in a subframe, which happens not frequently. In FTP model, there are not many UE candidates for MUST because there are few UE having traffic at the same time and reporting the same beam. Considering practical situation, it is unlikely that many far UEs are MUST scheduled at the same time and many near UEs are paired with a common far UE.
· The necessity of assistance information

In the following paragraph, we discuss the necessity of some assistance information depending on MUST Case 1,2 and 3. 
For the same beam MUST corresponding to Case 1 and 2, existence of MUST interference and power should be considered. First of all, near UE should know the existence of MUST interference and which layers are MUST layers if same beam restriction is applied. In our view, this should be signalled using DCI. That is because, if UE fails BD, UE cannot decode its PDSCH due to Gray encoding. To be specific, label bit assignment on its constellation symbol varies depending on MUST or non-MUST so that failure of BD for existence leads to 100% decoding fail. In addition, given that signalling existence per PRB causes too much signalling overhead, existence should be indicated per scheduled RBs. Furthermore, It can be possibly derived from other assistance information such as power allocation. For example, it simply means no MUST interference that power allocation factor (e.g., 
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= desired data power/total transmit power) is 1. 
Proposal 3: The existence of MUST interference should be dynamically signalled at least for Case 1 and 2.

If BD for power allocation is not feasible, it should be signalled. In this case, per PRB signalling is not desirable due to signalling overhead and we prefer signalling it per scheduled RBs. For further signalling overhead saving, we can consider the same power allocation is applied for multiple MUST layers. Furthermore, in DMRS based TM, different DMRS ports can be used for indicating power even if their effective channel is the same.
Furthermore, near UE may need far UE’s PDSCH RE mapping for several reasons. First, it is related to PDSCH starting symbol. For example, in case of cross carrier scheduling in CA system, near UE and far UE have different starting symbol since one can follow PCFICH and the other can follow high layer signalled starting symbol, instead of PCFICH. As a result, even though MUST is always a single cell transmission, PDSCH starting symbol of near and far UE can be different.
For the different beam MUST corresponding to Case 3, in addition to existence and power, several more assistance information should be considered: PMI, modulation order. If CRS based TM is supported for Case 3, PMI and modulation order should be considered separately. On the other hand, in DMRS based TM, PMI, power, and existence can be derived from DMRS of MUST interfering UE at the same time so that BD or signalling burden is less than CRS based TM. Regarding power allocation, only equal power allocation can be considered because we see that main use case for Case 3 is MU-MIMO with ML receiver. Regarding modulation order, false BD for 64QAM may cause minor ML performance degradation. In other words, even if MUST interference is 64QAM, UE can consider it as 16QAM and conduct ML decoding with just marginal performance loss. Therefore, as assistance information for modulation order, we can only consider QPSK or 16QAM.
· Other remaining issues

Regarding maximum number of transmit antennas MUST supports, we are not positive on 4Tx CRS based TM since marginal MUST gain in Case 1 and 2 due to same beam restriction and PMI BD/signalling overhead in Case 3. If meaningful gain is shown for DMRS based MUST with feasible BD/signalling overhead, DMRS based MUST can be considered more than 2Tx. 
Regarding the maximum number of MUST layers in Case 3, up to 3 layers including its PDSCH layers and MUST interfering layers seems reasonable, considering previous decision on the number of NAICS layers.
If Case 3 is supported, one following issue is whether to support Case 1 and 3 simultaneously (i.e., hybrid of Case 1 and 3). As we stated in the assistance information section, Case 1 and 3 have different set of assistance information: {existence of Case 1 MUST interference, power information of Case 1 MUST interference} for Case 1, {existence of Case 3 MUST interference, power information of Case 3 MUST interference, PMI, modulation order} for Case 3. It makes signalling and blind detection complicated. Also, it is hard for eNB to set proper MCS and make scheduling for the mixed up case. Rather than considering simultaneous case, we can consider dynamic switching between Case 1 and 3, if Case 3 is supported. In that case, BD/signalling for Case 1 or 3 should be introduced.
Proposal 4: hybrid of Case 1 and 3 should not be supported unless significant gain is shown.
3. Conclusion
In this contribution, we discussed potential assistance information and signaling schemes. The proposals based on the discussion are given as follow:
Proposal 1: The following consideration points should be taken into account when designing DCI signalling for assistance information: DCI BD complexity, Resource granularity of assistance information, PDCCH coverage and Scheduling restriction of desired data

Proposal 2: Taking into account the above consideration points on designing DCI, we see that extended DCI is worth to consider with priority.
Proposal 3: The existence of MUST interference should be dynamically signalled at least for Case 1 and 2.

Proposal 4: hybrid of Case 1 and 3 should not be supported unless significant gain is shown.
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Appendix

Four options for dynamic assistance information signalling [3]:
· Option 1: a near UE decodes a single DCI containing both assistance information and near UE’s scheduling information. The single DCI is defined by extending legacy DCI with assistance information.

· Option 2: a near UE decodes a single DCI containing both assistance information and near UE’s scheduling information. The single DCI is defined by overriding few fields of legacy DCI with assistance information.
· Option 3: a near UE decodes its own legacy DCI and a new DCI containing the assistance information.

· Option 4: a near UE decodes its own legacy DCI and overhears far UE’s DCI.
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